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NG” POINTS THE WAY TO HIGHER POWER STATION EFFICIENCY 


C-E invades new regions 
The completion of the plant pictured above .. . the Eddystone 
of steam pressure and Station of the Philadelphia Electric Company . will mark an 


outstanding achievement in electric power generation. 


temperature for Scheduled to go into service late this year, Eddystone will 
produce steam at the highest pressure and temperature ever used 

in commercial power practice—5000 lb per sq in and 1200°F. By so 

it is expected to generate electricity at a fuel rate of less 


doing, ) 4 
world S most efficient re two-thirds of a pound of coal per kilowatt-hour—a rate which 


will establish a new world’s record for power station efficiency 


power station Eddystone’s steam will be produced by a C-E Sulzer Mono- 


tube Steam Generator, a small portion of which is shown in the 
photo inset. This 14-story-high boiler is comprised essentially of 
about 170 miles of small-diameter tubing, much of it made of 
chromium and nickel alloys. At full load, its twin furnaces will 
consume about 100 tons of pulverized coal an hour — 40 average 
carloads per day. 

Creative Engineering is the C-E approach to providing the 
most advanced designs of boilers for all steam requirements—from 
those of small industrial and institutional plants to the largest 
utility power stations. 


“C: E " is the reason for the leader- 
ship attained by CE products. The products which bear 


COMBUSTION ENGINEERING 


all types of steam generating, fuel burning and related equip- 
ment nuclear power systems paper mill equipment «+ pul- 
verizers flash drying systems « pressure vessels « soil pipe 
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Background: El Segundo Station of Southern 
California Edison Company. Foreground; 
Installation of Cooper-Bessemer Soot Blowing 
Compressors at E! Segundo. 


— 


Dann Goodson, Manager Motor- Driven Compressor Sales, 


The Cooper- Bessemer Corporation, explains... 


How soot blowing with air 
increases power plant efficiency 


| peti R PLANTS are switching from steam to 

compressed air for cleaning of furnaces and tube 

banks because they can reduce costs. The new way, 

with Cooper-Bessemer compressors, has these impor- 

tant advantages : 

1. Pressure is always adequate to do clean, thor- 
ough job. 

2. Better programming with air... gets better cleaning 
results for higher boiler efficiency. 

3. Lower initial cost, lower operating cost, and hence 
lower cost for blowing medium...less waste. 

4. No quenching action on hot alloy tubes or pressure 
vessels. 

5. Less maintenance of blower equipment due to ero- 
sion, corrosion, packing wear. 

6. Improved housekeeping ...no steam or condensate 
leakage. 

7. Greater over-all economy of blowing medium on 
evaluated basis. 

8. Eliminates condensate makeup required when blow- 
ing with steam. 


Direct motor-driven multi-stage 
centrifugal compressor. Sizes of 


3000 Chm free air and up 


You can find out more about this by writing for a 
copy of the article reprint, “Steam or Air: Which 
costs more for boiler cleaning?” We would be glad 
to help you in planning your compressor facilities 
for soot blowing ...or other power plant uses. Call 
the office near you. 

BRANCH OFFICES: Grove City * New York * Washington * Gloucestet 


Chicago + Minneapolis * St. Louis * Kansas City * Tulsa « New Orleans 

Shreveport + Houston ¢ Greggton + Dallas + Odessa + Pampa + Casper 

Seattle + San Francisco « Los Angeles 

SE BSIDIARTES: Cooper-Bessemer of Canada, Ltd Edmonton 

Calgary Toronto Halifax 

C-B Southern, Inc Houston 

Cooper-Bessemer International Corporation New York «© Caracas 

Mexico City Multistage reciprocating compres 


or. Sizes up to 30,000 cfm free air. 


GENERAL OFFICES: MOUNT VERNON, OHIO 
ENGINES GAS DIESEL GAS DIESEL 


COMPRESSORS MECIPROCATING AND CENTRIFUGAL 
NGINE OR MOTOR OBivENn 
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Water pouring from TV picture tubes carried fluorescent powder which has now settled on tube face 
solution and carbon dioxide to prevent unwanted reactions and insure a smooth, blemish-free screen 


TV needs 100,000 gallons of AMBERLITE-treated water 
every day, at Philco’s Lansdale Tube Co. Division 


Plating perfect fluorescent sereens on the imside of those big 
picture tubes calls for water completely free of metallic 
for washing tubes and pre 
paring phosphor solutions. At) Phileo’s Lansdale Tube Co. 
Division, the water treating system teams TR-120 


cation exchange resin and AMBERLITE FRA-410 anion exchange 


impurities and carbon dioxide 


resin to provide water free of troublesome ions 


Water from the company’s well contains [80 ppm hardness, 
240 ppm dissolved solids, 150 ppm alkalinity. After treatment, 
deionized and filtered water shows over 600,000 ohm electrical 
resistance at 18°C), twice the required minimum for picture 
tube use. Water of 20,000,000 olhim resistivity at 18°C. for the 
manufacture of electronic Components is obtained by passing 
the deionized water through small MoNosBep units containing 
a mixture of TR-120 and Ampertire TRA-400. 
AmBeRLITE-treated water replaced distilled water in all 
manufacturing processes at Lansdale Tube Co. in 1947. 


Can ion exchange help you? Your engineering company, 
qualified by experience in water conditioning, can tell you 
how AMBERLITE ion exchange resins may solve your problem. 
Write today for a cops of “If You Use Water..." 24 pages 
of the latest information on water conditioning 


FLOW DIAGRAM OF WATER TREATING SYSTEM AT LANSDALE TUBE COMPANY 


anion exchanger 
AMBERLITE IRA 41 


It r 


tainless steel filter 


pump 


nust be free of ions in 


Cation and anion exchange units !n operation at Lansdale Tube Co. 


AmBertite and Monopep are trademarks, Reg. U.S. Pat. Off. and in 


principal foreign countries 


Chemicals f 


or Industry 


HAAS 


COMPANY 
THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
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PRESSURE LOADED SEATING 


minimizes leakage and maintenance 


Consolidated Electromatic® Relief Valves save steam, pure water, 
fuel, and “wear and tear” on your spring-loaded valves. Pressure 
loaded seating permits closer adjustment between operating pressure 
and set point than in spring-loaded valves. Many Electromatics are 
used to purge superheaters for faster startups and as superheater 
vent valves. They greatly reduce chances of superheater damage 
when firing up a cold steam generator or banked boiler. 

Pressure loaded seating is created by channeling steam from the 
pressure vessel around the Electromatic’s exhaust and into its main 
and pilot valve chambers. Steam pressure in both chambers always 
matches that in the vessel when the Electromatic ts closed 

When pressure exceeds the Electromatic’s set point, a signal from 
controller to panelboard control station results in solenoid thrust 
that opens the pilot valve, venting the steam faster than it can enter 
the pilot valve chamber through the clearance between the main 
valve dise and guide. With pressure in the chambers unbalanced, the 
main valve opens; steam exhausts until boiler pressure is reduced to 
the pre-determined setting of the controller. The pilot valve and the 
main valve close instantly at this point. Action is so fast, the closely 

Conselidated Electrematic adjusted Consolidated Electromatic normally relieves overpressure 
Relief Valve. Sizes: 2142” before the spring-loaded valve’s set point is reached. For automatic 
to 14”. Pressures to 3000 


psi. Temperatures to 
1120 F. Double Outlet. provided on the control station. Send for Bulletin 720. 


or Manual operation or to cut the valve out of service, a switch is 


MAXWELL CONSOLIDATED SAFETY VALVES 
A product of 


mi MANNING, MAXWELL & MOORE, INC. 


TRADE MARK” Consolidated Ashcroft Hancock Division «© Strathord, Connecticut 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


MANNING 
INI JUOOW 9 
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Boring mill cutting bevel on 18” diameter pipe with 34” wall in preparation for welding. 


QUALITY CONTROL— 
key to superior performance 


Dravo’s Pipe Fabrication shops at 
Marietta, Ohio, are staffed by highly 
skilled men who have at their command 
the very latest in fabricating equipment, 
meluding a variety of devices for Quality 
Control checks Dravo, 
Quality Control goes beyond routine 
checks for compliance with applicable 


However, at 


codes. Every step in the fabrication of 
piping is performed in accordance with 
procedures developed during Dravo’s 
many years of experience, and ts subject 
to rigid inspection. 

Here are some of the Quality Control 
checks which assure dependable per- 
formance in Dravo piping. 

1. Radiographic examination of weld 


Heavy walled piping may be subjected 


to several such checks during welding 
Heat treatment for stress relieving or 
normalizing under controlled furnace 
conditions. 

Careful preparation of weld area. Dye- 
penetrant test may be used to assure 
sound metal at the weld area. 
Dye-penetrant or magnaflux inspec- 
tion where indicated. 


Dravo has the facilities for the fabrica- 
tion of all kinds of piping. But whether 
routine or out of the ordinary, every 
job is held to Dravo standards. A Dravo 
Piping engineer will be glad to work 
with you on your next piping job. Write 
Dravo Corporation, Pittsburgh 22, 
Pennsylvania. 


Cc 


RAV 


O WN 


Oo R R A 


Blast furnace blowers * boiler and power plants * bridge sub-structures * cab conditioners * docks and unloaders * dredging * fabricated piping 
foundations * gantry and floating cranes * gas and oil pumping stations * locks and dams ¢ ore and coal bridges * process equipment * pumphouses and 
intakes * river sand and gravel © sintering plants * slopes, shafts, tunnels * space heaters * steel grating * towboats, barges, river transportation 
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1aNCe Boiler Safety for 75 Years 


There has always been danger from low water 
in boilers — even at 50 Ibs. pressure! Accidents 
— boiler explosions — did happen back in the 
days when pressures over 50 psi were con- 
sidered “high”. 


So the Alarm Water Column was invented by 
a man who recognized the need, and in 1884 
Reliance introduced the forerunner of water col- 
umns used today in thousands of power plants. 


Reliance has kept abreast of the steady rise in 
working steam pressures with appropriate 
designs in water columns, with and without 
alarms. Necessary items for column “trim” — 
try cocks, gage valves and gage inserts, (also 
direct-to-drum assemblies) gage illumination, 


and auxiliary alarms and indicators are offered 
in various types to suit all needs. 


Reliance produced the first compensated re- 
mote reading boiler gage in America. The 
EYE-HYE now serves as an extra safety factor 
for many thousands of boilers, both stationary 
and marine. More recently, Reliance electrode- 
type devices have made it possible to actuate 
alarms, fuel cutouts, and start and stop pumps 
on any pressure. 


The originator of safety water columns, Reliance 
has been the only manufacturer devoted exclu- 
sively to the measurement of boiler water levels 
for the past 75 years... Reliance engineer rep- 
resentatives are located in all principal cities. 


Typical Water Column 
for pressures to 900 psi 


Above — newly styled EYE-HYE remote gage 
readable up to 90 either side of center 


The Reliance Gauge Column Company, Cleveland 3, Ohio 
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A C-E Package Boiler, 
Type VP, en route to Eu- 


rope. This boiler type is 
available with capacities 
from 4,000 to 90,000 Ib 
of steam per hr, with 
pressures to 700 psi and 
temperatures to 750 F in 
certain sizes. It is de- 
signed for oil or gas fir- 
ing. Several hundred of 
these units are now in 
service. 


\\ é C-E offers 


SHOP-ASSEMBLED BOILERS 


proved ‘an SIGNS WII CO) acitles fa 


The economies inherent in shop-assembled boilers 
can now be vours even if your steam requirements 
are as high as 120,000 Ib per hr. The C-E. line, con- 
sisting of three basic unit types, has been expanded 
to include pressures, temperatures and capacities 
well beyond normal package-type limits. 

The standard, natural-circulation, C-E Package 
Boiler—Type VP—is now available with capaci- 
ties to 90,000 Ib per hr, and with pressures and 
temperatures to 700 psi and 750 F. Where greater 
steaming capacity is required, or where higher 
pressures or temperatures are needed for indus- 


trial processing or power generation, the shop- 
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A shop-assembled Con- 
trolled Circulation Boiler, 
Type PCC, being prepared 
for shipment. This type 
unit is available with 
steam capacities from 
80,000 to 120,000 Ib per 
hr, and with pressures and 
temperatures to 1000 psi 
and 900 F. For special 
applications, designs are 
available to provide higher 


steam pressures and tem- 
peratures. Seven PCC 
Boilers are now in service. 


A shop-assembled C-E 
High-Temperature Water 
Boiler, Type HCC, being 
unloaded at a midwest 
manufacturing plant. It is 
one of two 1 2-million-Btu 
boilers used for plant 
heating. Available for 
capacities from 10 million 
to 300 million Btu, this 
unit type is shop-assem- 
bled in sizes up to 50 
million Btu for oil or gas 
firing — up to 40 million 
Btu for coal firing. Cur- 
rently, more than 50 HCC 
Boilers are in service or 
on order. 


assembled C-E Controlled Circulation Boiler — The new, high-capacity ranges of these shop 
Type PCO is available. It is designed for the assembled units represent the logical evolution of 
80,000-to-120,000-lb capacity range, with pres- familiar and successful designs that have been 
sures to L000 psi and temperatures to 900 F. [or proved in service for quality, economy and per- 
special applications, this unit is also available for formance, 


considerably higher pressures and temperatures. 
The C-E High-Temperature Water Boiler — 
Type HCC—is an ideal type for large space-heating 
and certain process uses. It is also available in COMBUSTION 
shop-assembled form for capacities to 50 million 
Btu per hr. It is designed for pressures to about ENGINEERING 


500 psi, and can provide water at 450 F or higher. 


Combustion Engineering Building * 200 Madison Ave ,N Y 16,N Y 
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FULL RANGE 
APPLICATION 


Volumes (cfm) 


Pressures (“Hy0) 


COMBUSTION AIR 
FOR 


CONVENTIONAL BOILERS 


Series 4000 


10.000 to 700,000 


HIGH PRESSURE AIR 
FOR PRESSURIZED AIR 
FURNACE BOILERS 


Series 2200 Series 2100 


PRIMARY 


25,000 to 350,000 6,000 to 50,000 


Up to 45" 


45” to 90" Up to 65” 


Westinghouse Airfoil’ blading offers . 


Lowest Operating Cost 
Highe 


Quieter Operation 


st mechanical efficiency ever 


over 92% 


Perceptibly quieter in actual operation 


Stable Pressure 
Ideally suited to single 


and parallel operation. 


Non-Overloading Power Feature 


‘True self-limiting 


Optimum Performance 


hor characteristic 


Sized for specific Customer requirement 


Inlet Air Spin Control 
at part loads 


Saves power, save 


dollars. 


Call your nearest Sturtevant Division Sales Engi- 
neer, or write Westinghouse Electric Corporation 


Dept. D3. Hyde Park, Boston 36, Massachusetts. 
rade-Mark 80669 
--? 
you can BE SURE...1F ITS 
f \\ 
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Here’s The Inside Story On The New 


Coal Valve 


Strip the +,” steel skin off our new coal valve and you'll quickly see why you get 


more when you buy §-E-Co. 


First, notice the deep U-shaped gate, which completely shields rollers, racks and 
pinions trom coal flow. See how the gate provides lap closure on all four sides 
assuring positive cut-off. Also, note the stainless steel liner on top side of the gate 


to combat corrosion. 


Carefully tormed ladder racks, for their part, are self-cleaning having no root portion 
in which coal dust can build up and cause jamming. The multi-taced pinions, located 
above the racks, are also of selt-cleaning design. Consequently, the gate moves smooth- 


ly with little eftort, even atter long periods of not being operated. 


Notice the clean interior design. Slopes have been kept at a maximum with shoulders 
and projections eliminated. Even the poke hole covers fit flush with the inside of the 
valve body so that nothing interferes with flow 


ot coal through the valve. 


For a complete list of all the outstanding tea- 
tures of the new S-E-Co. Coal Valve together 
with installation photographs and dimensions, 


write for Bulletin No. 97. 


STOCK Equipment Company 


745-C HANNA BLOG., CLEVELAND 215, OHIO 


COMBUST IO N—April 1959 


| 
q 
mare 
x 
= 
“i 
= 
tt 


O, A engin t st LEEDS NORTHRUP 


Instruments Automatic Controls e Furnaces 


April 19599—-C OMBUSTION 


| 
a f 
~~ > 
This Reverse Jet Probe OME ii 
YO ily syst ( t f the complete L&N O. and Ana 
RIN ( f y Jet e Averaging ‘ tallatior 
o Sa | from 1 | tion, contact your nearby L&N Field Engi 
re } } t Ave Wel } 44, Pa 
| 
12 


Here’s how the Pennsylvania Reversible Hammermill 
will help lower your operating costs 


As the coal enters the mill it is precrushed in the upper 
zone by being struck by the hammers in free air, 
driven against the breaker blocks, ricocheting and 
struck by hammers again. Only small Jumps enter the 
lower crushing zone for final reduction before escaping 
through the cage bars. There’s no dragging of hammers 
through oversize in the lower crushing zone. Thus 
wasteful fines are held to a@ minimum along with ham- 
mer wear and power requirement. The easily adjusted 
cages assure you a uniform product for the life of the 
hammers regardless of variance of the physical proper- 
ties of the coal. The cage adjustment also permits you 
to wear the hammers much further, and, due to reversi- 
bility of the rotor, there is no manual turning of the 
hammers. Get the complete story of these crushers. 
Send for bulletin 1040. Pennsylvania Crusher Division, 


Bath Iron Works Corporation, West Chester, Penna 


Penn 
CRUSHER 
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Tut Morat is obvious. It applies not only to the rendition of music 
but to the prefabrication and erection of critical piping, which most 
engineers of power and process plants insist on delegating directly to 


specialists. For your economy, satisfaction and safety ... ask us in. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


PATENTEO 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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“Buffalo” Airfoils are Available in Capacities in Excess 
of One-Half Million CEM, Pressures to 8O” Water. 


“BUFFALO” AIRFOILS COST LESS TO OPERATE 


.. REQUIRE LESS MAINTENANCE 


HERE'S WHy: If you are considering the use of 
airfoil fans for mechanical draft service, ponder these 


facts regarding the “Butlalo™ Airfoil. 


With a true peak mechanical efficiency of 92% and an 
extremely broad static efficiency curve, as compared to 
most competitive airfoil designs, the “Buffalo” Airfoil 
definitely costs less to operate. Major factors governing 
this efliciency are—a completely streamlined inlet with 
inlet bell and wheel flange forming a true half-circle 

fixed or variable inlet vanes, where used, are placed 
well into the inlet throat to fully utilize horsepower 


reducing spin developed by the vanes—generous inlet 


* The “O” Factor 


boxes with external bracing give low entry loss—ail 
foil wheel incorporates proper blade passages for best 
air-flow through the wheel-—scroll shape lets air stream 
from blade passages to housing channel with greatest 
ease——divergent outlet provides optimum static regain 


from cut-oll. 


This top efficiency, combined with the famous “Buffalo” 
“Q” Factor*® Construction for a longer life with less 
maintenance, makes the “Buffalo” Airfoil best suited 
for this specialized service. For full details phone 
your Buffalo Engineering representative or write for 


Bulletin FD-90S. 


the built-in Quality which provides trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 


Buffalo, N. Y. 


Buffalo Pumps Division 


Buflalo, N.Y. 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING + AIR CLEANING + AIR TEMPERING + INDUCED DRAFT + 
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New Variable-Orifice Desuperheater holds reduced steam temperatures constant only 20 feet downstream from desuperheater outlet—regard 
less of changes in initial temperatures or rate of flow. No long runs of piping or spray nozzles are required. Other types are available, each 
engineered to particular operating requirements for steam service conditions through 2500 psig and 1100 degrees F. Write for Bulletin 1037. 


Copes-Vulcan equipment 


With the country’s electric power demand doubling 
every decade, power plants must operate with higher 
and higher efficiency. Boiler and boiler controls must 
be more closely integrated than ever before. 

To meet these needs, Copes-Vulcan produces a com- 
plete line of control systems for superheat and reheat 


temperatures, feedwater, combustion, pressure reducing 
and desuperheating operations. Available in separate 
units or integrated into a single package, these control 
systems are custom-engineered to meet individual spec- 
ifications, and are backed by more than 50 years design 


experience in the field. 


Automated soot blowing. Vulcan Selective-Sequence Control Panel (at right) permits varying the operating sequence of electrically-driven soot 
blowers. Also available: Automatic-Sequential systems. Write for Bulletin 1029. The 35 foot Vulcan T-30 Soot Blower (below) has a dual-motor 
drive for thorough cleaning of all surfaces. Part of a complete line of soot blowers and wall deslaggers. Write for Bulletins 1030, 1034. 
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Boiler feed pumps are protected by this Copes diaphragm-operated by-pass valve. Also available: piston-actuated valves for use where valve 
operating force must be unusually high, and positioning precise. Both types, designed to meet pressure standards of 125-pounds through 2500- 


pounds, offer excellent rangeability. Each is job tailored for accuracy and dependability. Write for Bulletin 1027. 


boosts power plant efficiency 


Thermal and nuclear: besides intensive commercial product development, Copes-Vulcan 
is skilled and experienced in the design and manufacture of special products such as valves 
for the Navy’s nuclear submarine program and for nuclear-powered electric generating stations. 


“PES ~COPES-VULCAN DIVISION 
Blaw-Knox Company, Erie 4, Pa. 


Boiler control provides high speed response, simplicity of circuits and accuracy of components. Graphic panels centralize boiler operations at 
operator's fingertips. Combustion control may be from steam flow-air flow, or from fuel-air ratio. Feedwater control may be from one, two or 


three influences to maintain a stabilized water level regardless of changes in load or feed pressure. Write for Bulletin 1038. 
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6 Ljungstroms go to work for the city of Memphis 


...and so does lifetime Air Preheater service 


The City of Memphis Light, Gas and 
Water Division has just installed three 
served by six Ljungstrom pre- 
Why Ljunystrom preheaters 7 
Qne reason is service. Air Preheater 


enyineers don’t just wait for a call. 


boiler 
, 


heaters 


They reguiarly inspect and help main- 
tain Ljungstroms through the life of 
each unit. 

What’s more, Air Preheater pro- 
vides rapid factory service in an emer- 
yency. Here’s an example. A customer 
phoned on a Friday morning for a 


replacement trunnion—a major inte- 
gral part of the preheaters. His 
Ljungstrom was 17 years old, which 
meant that a new trunnion had to be 
custom made to match his older-style. 
He was located 500 miles away. And 
he needed his boiler back on the line 
by Sunday. 

Air Preheater went to work. Spe- 
cial trucking was arranged. The job 
was done and shipped that same eve- 
ning. The customer had the trunnion by 


Saturday morning and the boiler was 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17,N. Y. 


back on the line by Saturday evening! 
Fast response to emergencies and 
regular inspection of Ljungstrom 
installations are two of the many 
advantages Air Preheater provides its 
customers. Another is expert knowl- 
edge of boiler and preheater problems 
—and how to lick them—gained from 
over 35 years of experience. Perhaps 
these reasons explain why 9 out of 
10 preheaters sold today are Ljung- 
stroms. For further information write 
today for free illustrated brochure. 
Liungstrom rotor being installed for the City of Mem- 
phis Light, Gas and Water Division. Six such Ljung- 
stroms — each with 201,400 sq ft of heating surface 
will serve three boilers. The boilers will each evapo 
rate 2,000,000 Ibs of steam hr and have a combined 
nameplate capacity of 750,000 kw. A fourth boiler unit 


is now under consideration. Burns and Roe, Inc. 
designed and supervised construction. 


We can give you valuable help 


In designing, installing or converting 
water softening equipment 


| 
There's no charge for the service f one of iene 
aa 
Title 
Company 
Address 
City Zone State 


INDUSTRIAL DIVISION 


Dept 


| to | y rt iting ild 
pt 
tior that pr maximum eft er y and the 
are ite t nerat n. 
The M rtor naineer Nave e@» 4 
perience with ali type water itening sy 
ier Tor all tyf T ine a tance they 
KA + Cy {hea +. 4 2 
0 V0. Wacker Drive, Chicago 6, Mino 
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The photograph above shows This controlled extraction, controlled back-pressure unit supplies 
a De Laval direct-connected 5000 kw using process steam. Extraction is at 130 psig, exhaust is 5 psig. 
turbine generator installation at This new machine was added to already existing De Laval units that have been 
Parke, Davis & Co., in service for 30 years. In addition, the Parke-Davis Research Laboratories in 
Detroit, Michigan. Ann Arbor, Michigan will soon be using a new 1000 kw unit. 


or process industries 
STEAM 


Parke, Davis & Co. 
uses 
DE LAVAL Steam Turbines 


for process and 
power generation 


Proved economy, dependable service 


In many process industries, an Important 
by-product Is economical electric power, If appreciable 
quantities of process steam are used, power generation 


can be achieved at comparatively low cost. 


De Laval. pioneer in high speed rotating machinery, 


has continued to maintain engineering and manufacturing 


leadership. Hf you have process application where low-cost 


power veneration can be utilized. call on De Laval. 


De Laval-Stoeckicht 
Planetary Gears 


In many applications where high 
speed and high horsepower are trans- 
mitted, the De Laval-Stoeckicht 
planetary gear can be used to 

great advantage. It is also used 

as a speed increaser or 

decreaser in many industrial 
installations. 

Among its outstanding character- 
istics are light weight, in-line con- 
struction and space saving. It may 
be used for all kinds of drives such as 
gas turbines, steam turbines, diesel 


engines, etc. 


Write for Bulletin 2400 


Steam Turbine Company 


886 NOTTINGHAM WAY, TRENTON 2, N. J. 
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Hagan Dust Collector gets approximately 20 years use in 14 months 


MAINTENANCE NEEDED 


‘Two 18-tube Hagan Aerostatic Dust 
Collectors have passed an unusual 
endurance test at the Rivesville, 
West Virginia, station of the Monon 
gahela Power Company. Backing up 
primary collectors, which expel 
cleaned gas and pass on the fly ash 
concentrated into approximately 5°, 
of the total gas volume, the Hagan 


units are handling a dust loading of 


approximately 40 grains cubic foot. 
This is about twenty times the usual 
fly ash loading from a wet bottom 
boiler. More than 10 tons are col 
lected daily by each unit, which 
means that a total of more than 


22 


2.500 tons of fly ash are collected 
each year. 

The collectors were inspected at 
the end of fourteen months. Wear 
was so slight that no maintenance 
was needed! Plant personnel are 
pleased, since previously used cy- 
clones needed extensive maintenance 
approximately every year. 

Performance such as this is ex- 
pected of the Hagan Aerostatic Dust 
Collector. The inlet vanes are de- 
signed to act as a venturi, acceler- 
ating the incoming air stream on a 
six-to-one basis. Heavier dust parti- 
cles with more inertia are accelerated 


the least, and the lighter, less abra- 
sive particles the most. This is the 
exclusive Hagan principle of Selective 
Particle Acceleration, the reason for 
this unit’s resistance to tube erosion. 
The Aerostatic is low in first cost, low 
in maintenance cost and extremely 
efficient. Write or phone for details 
on this money saving, high efficiency 
dust collector. Ask for Bulletin 
MSP-124-A. 
HAGA CHEMICALS 4 
CONTROLS, INC. 
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INE STEAM TRAPS 


SERIES 120 
INTEGRAL 
STRAINER 


SERIES 60 
NO, 30 


SERIES 60—normal needs, pressures to 
400 psi, 6 sizes. SERIES 120—normal 
needs, pressures to 600 psi, 6 sizes 
SERIES 40—for extra heavy loads, 5 
sizes. NO. 30—for extra light loads 
only), INTEGRAL STRAINER 


highest pressures and marine use, 6 sizes 


THIS 1S THE TRAP 


FOR HIGH PRESSURE 


POWER PLANT JOBS 


Pressures high? Temperatures really hot? Then the 
Yarway Integral Strainer Trap is the steam trap 
for the job. 

Yarway Integral Strainer Impulse Steam Traps 
drain some of the hottest steam lines in the country, 
with temperatures to 1050°F and pressures as high 


as 2500 psi. 

These traps have ample capacity when system is 
being warmed up, yet handle relatively small 
amounts of condensate without losing prime. In 
the presence of dry or superheated steam, the trap 
valve snaps shut 

Utilities and other high pressure plants also bene 
fit from further advantages like small size, light 
weight, steel construction, easy maintenance. Avail 
able in six sizes, flanged or welding ends 

Over 1,250,000 Yarways already sold. For full 
information, call your local Yarway Representative 
or write 


YARNALL-WARING COMPANY 
100 Mermaid Ave., Philadelphia 18, Pa. 
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The Right 
Refractory For Each 
Specific Need 


24 


Harbison-Walker 
provides the most 
comprehensive line 
of Boiler Furnace 
Refractories 


REFRACTORIES FOR 
MONOLITHIC CONSTRUCTIONS 


Harbison-Walker Plastic Fire Brick, Castables and Ram- 
ming Mixes, comprise all the classes which are best 
adapted for the many different kinds of service and 
furnace design. 


H-W Castable Refractories 


These refractory concrete products all having a strong 
hydraulic set serve admirably for many boiler furnace 
and accessory uses as in pouring baffles, arches, walls, 
door linings, ash hoppers and sluicing troughs. Included 
in the eighteen different brands is H-W ExrTra 
STRENGTH CASTABLE which is exceedingly strong and 
wear resistant, yet has high spalling resistance and is 
suitable for use at temperatures up to 2400°F. H-W 
HicH ALuMINA CasTABLE fulfills the requirements for 
highest operating temperatures. In the paper mill industry, 
H-W CuroME CastTABLE has become regarded as stand- 
ard for linings of recovery boilers. The several H-W 
Lightweight Castables combine the desirable properties of 
light weight, heat insulation and adequate refractoriness 
for their applications. 


ARBISON WALKER 
ca. 
PITTSBURGH, PA.USK 
7. 


LBS WEN 


H-W Plastic Fire Brick 


Harbison-Walker Plastic Refractories comprise all brands 
best adapted for the many different operating conditions. 
They form solid, joint-free linings, and are used for the 
construction of arches, target, baffle and bridge walls, 
burner ports and irregular shapes. They have physical 
properties closely similar to corresponding classes of 
refractory brick. 


H-W STANDARD PLASTIC FIRE BRICK is a dense-burn- 
ing, uniform refractory made of the same clean, high- 
purity flint clay of hard burn and plastic bond clay as 
are used in the best high duty fireclay brick. 


H-W SUPER PLASTIC FIRE BRICK possesses the properties 
of super-duty fireclay refractories and is used econom- 
ically in applications where temperatures exceed the 
limits for H-W STANDARD PLAsTIC FIRE BRICK. 


H-W SUPER PLASTIC-CS takes an air-set after drying in 
the low temperature range. This added strength prior 
to the development of the usual strong ceramic set is 
especially desirable for certain furnace installations. 
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ready for use as received. 


To meet all the widely different conditions in the operation of steam power 
generating plants, Harbison-Walker produces the complete range of refractories 
from which can be selected the particular kinds for the best balance in service 


and economy. These refractories are manufactured in many states 


and ware- 


house stocks are available in many cities and towns throughout North American 


and various other countries. Transportation time and cost benefits are obvious. 


APACHE Plastic Fire Brick is the high alumina plastic 
refractory which withstands the highest temperatures to 
best advantage and is most resistant to chemical attack 
by corrosive slags. 


H-W Ramming Materials 


THERMOLITH BATCH furnished both dry and ready mixed 
has a chrome ore base and because of the chemical 
composition and dense impervious texture developed 
when heated, it renders outstanding service in bottoms 
of slag tap boilers. 

KORUNDAL RAMMING MIX (shipped dry) is a high 
alumina base material especially suited for use at ex- 
tremely high temperatures. 
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HARBISON-WALKER REFRACTORY 
BRICK AND SHAPES 
WITH CORRESPONDING MORTARS 


The many different brands of fireclay brick of all classes, 
high alumina brick ranging up to 99% alumina and 
H-W SILICON CARBIDE, along with corresponding mor- 
tars afford the best choice for substantially every com- 
bination of conditions. The H-W high alumina brands 
provide maximum resistance to exceedingly corrosive oil 
ash high in vanadium oxide and alkalies, ash of organic 
refuse including wood waste and sugar mill bagasse and 
certain coal clinker compositions. The H-W Sricon 
CARBIDE which is highly resistant to oxidation is best 
for withstanding the corrosive action of many fusible 
coal ash deposits. 


H-W INSULATING REFRACTORIES 


Harbison-Walker Insulating Fire Brick are made in eight 
different brands, each of which is suitable for use to best 
advantage for various sets of operating conditions. Other 
H-W insulating refractories are H-W BLock INSULATION 
and H-W MINERAL FIBER COATING. Included also are 
insulating castables ranging in weight from 30 to 85 
pounds per cubic foot (weight of dense castables 115 to 
180 p.c.f.) with service temperature limits from 1000°F. 
to 3000°F. 

Technical Service based on the most extensive experience 


and research is freely offered to help you select the re- 
fractories best suited for your specific requirements. 


HARBISON-WALKER REFRACTORIES 


COMPAN 
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birebox, scotchty pr 


serve you better 


we created a new d 


Now vou can benefit from the combined engi- 
neering backgrounds and product lines of 
three American-Standard * divisions— American 
Blower 


Boiler—consolidated into one organization! 


Koss Heat Exchanger, and Kewanee 


Here is one-source responsibility tor quality 
and performance in equipment that is de- 
signed, engineered, and manufactured — to 
work together. You draw from a product line 


one that encom- 


unsurpassed inthe industry. . 


passes air conditioning, heating, ventilating, 
heat transfer, dust collection, and fluid drives. 

There are engineer-stalled offices in all 
principal cities to work with architects, con- 
sulting engineers, and contractors with equip- 
ment selection and on the-job problems. 
We welcome the opportunity to serve vou. 
American-Standard Industrial Division, Detroit 
32. Michigan. In Canada: American-Standard 


Products (Canada ) Limited, Toronto, Ontario 


ind pra kage boilers 


heat, steam, and industrial power 


Mechnical draft fans for induced 


and forced draft duty in power plants 


densing turbo-generator exhaust 


ONE CALL FOR ALL! 
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Balanced-flow surface condensers for 
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AMERICAN Blower 


Fluid drives for adjustable-speed control Dust collectors and precipitators for Standard and engineered heat exchangers 
of feed-pump flow and fan volume recovering fly ash, eliminating dust and feedwater heaters for every duty 


* American-Standard and Standard 


American-Standard 


INDUSTRIAL DIVISION 


AMERICAN BLOWER PRODUCTS + ROSS PRODUCTS * KEWANEE PRODUCTS 
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Republic ELECTRUNITE Boiler Tubing 


offers Quality he can see and feel 


Quality is the key to trouble-free service. The man on the 
job, the man inside the steam drum, knows Republic 
ELECTRUNITE® Boiler Tube quality 

As a skilled craftsman, his authority is his fee/ of the 
tool. He can tell by the ductility of the tube... the easy, 
uniform flow of metal into the drum-hole grooves in the 
rolling-in Operation 

The man on the inside felt this at the job site of The 
Gardner Division, Diamond Gardner Corporation, Lock- 
land, Ohio. The job was designed, fabricated, and in- 
stalled by Riley Stoker Corporation, Worcester, 
Massachusetts. The unit has a designed capacity of 
100,000 pounds of steam per hour, 700 psi, at a steam 
temperature of 720° 1 

Ouality is built-in. Republic HLECTRUNITE Boiler Tubing 


QUALITY YOU CAN MEASURE — FARROWTEST ! Not ao laboratory theory, not 
a mere inspection tool, but an exclusive production test that detects and 
rejects defects of critical size. FARROWEST is offered as an alternative to 


other less positive tests in accordance with table below, at no extra cost 


Minor Dimension 
of Defect 
(Length or Depth) 

0.0006 IN. 
0.006 IN. 
12.5% of Wall 
12.5% of Wall 
12.5% of Wall 


Defective Area 
(Length X Depth Plane) 


Wall Thickness 
(B.W. Gage) 
0.0025 Square Inches 
0.003 Square Inches 
0.003 Square Inches 
0.004 Square Inches 
12 and Heavier 0.005 Square Inches 


FARROWTEST detects and rejects not only tubing containing defects which 
completely penetrate the wall, but also tubing with defects equal to, or greater 
than, those shown in this table. For irregular defect shapes, a tube with defect 
area equal to, of greater than, shown above is rejectable. Where required, 
sensitivity of FARROWTEST equipment can be calibrated to reject defects of 


lesser specified area than shown in table, at eatra cost 


is made of highest quality flat-rolled, open-hearth steel 


produced in Republic’s own mills, carefully controlled 


every step of the way. 

Every length of ELECTRUNITE is hydrostatically or 
electronically tested to conform with the applicable 
ASTM specifications and the ASME Boiler and Pressure 
Vessel Code, as well as local, state, and boiler insurance 
requirements. The stress values for Republic ELECTRUNITI 
Tubes are the same as those for tubes made by other 
processes for temperatures up to 850 F. And ELECTRUNITI 
is available for pressures over 2000 psi in various sizes 
and wal! thicknesses. 

For complete Republic ELECTRUNITE Boiler, Condenser, 
or Heat Exchanger Tubing facts, call your Republic 


representative. Or, send coupon today. 


Full normalizing makes ELECTRUNITE True concentricity of ELECTRUNITE 
Boiler Tubing uniformly ductile for assures fit-right installations at the 
smooth, easy bending, trouble-free header-hole for easier roller ex- 


service. Quality is built-in. panding. Write for information. 


Republic ELECTRUNITE Stainless Steel Heat Exchanger Tubing resists corrosion 
and provides long trouble-free service for main surface condensers in 


utility power plants where water is a problem. Write for additional facts. 
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REPUBLIC STEEL CORPORATION 

STEEL AND TUBES DIVISION 

DEPT. C-6965 

209 EAST 131st STREET - CLEVELAND 8, OHIO 


Please send more informationonthefollow ing products 
Republic TRE NIT1 Boiler Tubes 
Republic TRI Heat Pxchanger lubes 
Carbon Stainless FARROW TEST Brochure 


N 


Address 


oat 
| 
Wideat Range | 
| 
Standard Steele andl | 
ithe | 
| was 
| City Zoe State | 
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Get big-gauge accuracy and sensitivity with 


Republic's V5 Series of Compact Measuring Instruments 


Two sets of Republic V5 


type boiler control panel 


gauges mounted on a 
modern console 
ompactness of the other 


Gauges match the « 


instruments, yet are easy to read — even from 


a distance 


Republic V5 gauges feature full- 
sized diaphragms, bellows and 
helixes, yet require only one-fourth 
as much panel space as ordinary in- 
struments. Eight V5 gauges can be 
mounted in a single bank requiring 
about 14 
pactness makes them ideal for con- 


only x 6'.". This com- 
sole or graphic type panels. Each 
V5 gauge is an independent unit, 
which may be removed or replaced 
without disturbing adjacent gauges. 
Each 5” vertical scale is illuminated 
from the rear for top readability 
even from a distance. 

A full line of V5 gauges is avail- 


able for measuring draft, pressure, 


A FEW OF THE OPTIONS AVAILABLE: 


@ Duplex bellows or helix gauges with 
two pointers operating on the same 
scale; occupies same space in group as 


a single-gauge unit. 


Set point indicator available on single 
bellows and helix units. 


Compound and reversed scales avail- 
able 


Reverse acting pointer motion avail- 
able. (Can be reversed in the field 
without any change in parts.) 


High and low alarm contacts can be 
provided with all types of units. 


differential gas pressure and tem- 
perature, and for use as receivers 
with pneumatic transmitters for in- 
dicating flow, liquid level, density, 
high pressures and other process 
variables. If you would like to save 
panel space— without sacrificing in- 
strument readability, performance 


talk 


Republic engineer could be 


and flexibility —a with your 
time 
well-invested. A card or a call will 
bring him. Republic sales offices 
are located in principal cities 
throughout the United States and 
Canada. Detailed information in 
Bulletin No. 806... your copy 


is waiting. 


Repvustic 
FLOW METERS CO. 
Substary of ROCKWELL MANUFACTURING COMPANY 


CHICAGO 47, ILLINOIS 


In Canada; Republic Flow Meters Canada, Ltd.—Toronto 
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2240 DIVERSEY PARKWAY 


Manufacturers of electronic ond pneumatic 
instrument and control systems for utility, 
process and industrial applications 
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COSTS HELD 
DOWN WHEN 


® 


INLAND 


INCLUDED 


Fans 


IN FURNACE REBUILDING 


At their #2 plant in East Chicago, Indiana, Inland Steel 
completely rebuilt and enlarged their furnaces to increase 
production. These rebuilt furnaces called for greater in- 
duced draft capacity in the waste heat boilers. The old fan 
installation of 7 Green radial blade fans had been in- 
stalled 24 years ago 


Inland Steel replaced these 7 Green fans with 7 Green 
AIRFOIL induced draft fans. No changes were made in 
the original motors or electrical system. The 7 Green AIR- 
FOIL fans took care of the increased draft requirements 
without overload on the original 125 hp motors. 


In short, the new Green AIRFOIL fans made it possible for 
Inland Steel to increase the size and capacity of their fur- 
naces without the expense of new motors and electrical 
installations in addition. 


The Green AIRFOIL design provides smooth airflow with a 
minimum of turbulence. For longer life, the AIRFOIL fan 
blades have specially designed cast steel nose pieces to 
reduce wear. (See circled nose piece in illustration.) 


If you have a tough job for heavy duty fans, it makes sense 
to talk over your problem with Green. 


THE GREEN FUEL ECONOMIZER CO., INC., 
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The 
direct 
way to 


Lowered 
Steam 
Costs! 


One of these Valley Camp Quality Coals 


can be a direct way toward lowering 
your steam costs. They are prepared to 
specification in modern plants, available 


for shipment via rail or river... and, 


our combustion engineering service will 
be glad to ‘‘show you how”’. 


The Valley Camp 
Coal Company 


VALLEY CAMP COAL COMPANY 


Western Reserve Building © Cleveland 13, Ohio 


SUBSIDIARIES — 

Great Lakes Coal & Dock Co., Milwaukee, Wis. @ Great Lakes Coal & Dock Co., St. Paul, Minn. @ Fort William 
Coal Dock Co., Ltd., Fort William, Ont. @ The Valley Camp Coal Co. of Canada Ltd., Toronto, Ont. @ Kelley's Creek 
& Northwestern Railroad Co. @ Kelley's Creek Barge Line Inc. @ Pennsylvania & West Virginia Supply Corp. 


SALES OFFICES — 
Philadelphia Baltimore Buffalo e@ Pittsburgh @ Wheeling @ Cleveland St. Paul 
® Cincinnati @ New York @ Milwaukee e@ Superior, Wis. @ Fort William, Ont. © Toronto, Ont. 
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Industrial De partment [-321 

GRAVER WATER CONDITIONING CO. 
Division of Union Tank Car Company 

216 West 14th Street, New York 11,N. Y. 
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General view of Carrier power plant. 
Boilers on right are bent tube, two- 
drum types, by Riley Stoker Corp. 
burning pulverized coal. Coal moves 
from bunkers to Riley Pulverizers 
(at left in photo) and then into 
furnace. 
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Mechanical dust collectors by 
Prat-Daniel Corp. help assure 
cleanliness of operation. 
These collectors tie in with 
United Conveyor ash hand- 
ling system for movement to 
ash silo and final disposal. 


Pneumatic automatic con- 
trol panel by Bailey Meter 
Co. regulates combustion 
operation of all boilers and 
auxiliary equipment, main- 
tains continuing steam 
generation efficiency! 
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Carrier puts the chill on 
fuel costs...with coal 


Air conditioner manufacturer uses coal for low-cost steam 


An unusual team—the heating ability of coal 
and the cooling facility of air conditioning 
equipment! Yet Carrier Corporation, Syracuse, 
N.Y., found this combination profitable when 
expansion plans required additional capacity 
in its steam plant. After engineering surveys, 
Carrier decided to continue burning coal for 
economy of operation. Today modern power 
equipment supplies steam economically for 
heating, air conditioning and processing. 
Original fuel costs plus automatic operation 
within the power plant hold overall steam 


costs to a Minimum. 
Coal is lowest cost fuel 


Today, when the annual cost of fuel often equals 
the original cost of the boilers, you should know 
that bituminous coal is the lowest cost fuel in 
most industrial areas. And modern coal-burn- 
ing equipment gives you 15‘, to 50°, more 
steam per dollar, w hile automatic Operation 
costs and eliminates smoke 


trims labor 


problems. What's more, tremendous coal 
reserves and mechanized mining procedures 
assure you a constantly plentiful supply of coal 
at stable prices. 
Technical advisory service 
To help you with fuel problems, the Bitumi- 
nous Coal Institute offers a free technical 
advisory service. We welcome the oppor- 
tunity to work with you, your consulting 
engineers and architects. If you are concerned 
with steam costs, write to address below or 
send coupon. Ask also for our case history 
booklet, complete with data sheets. You'll 
find them informative. 
Consult an engineering firm 

If you are remodeling or building new heating 
or power facilities, it will pay you to consult 
a qualified engineering firm. Such concerns— 
familiar with the latest in fuel costs and equip- 
ment—can effect great savings for you with the 


efficiency and economy of coal. 


BITUMINOUS COAL INSTITUTE 


Dept. C-04, Southern Building, Washington 5, D. C. 
See our listing in SWEET’S 


SEND COUPON FOR NEW BCL PUBLICATIONS. 


Guide Specifications, with complete equipment criteria 


and boiler room plans: 


BITUMINOUS COAL INSTITUTE, 
Southern Building, Washington 5, D.C. 


Gentlemen: Please send me: 
GS-1 
stoker); GS-2 
ram-type underfeed stoker ); 


Coal is loaded into silos before litle 
it moves to bunkers. At left is 
the ash silo which utilizes ro- 
tary dustless unloader in load- 
ing trucks for disposal. Silos 
and conveyors are by Fairtield 
Engineering Co. 
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low-pressure heating plant, screw-type underfeed 


GS-4 


for heating and process plants). [_] Case histories on larger plants. 


Name 


C-04 


high-pressure heating and or process plant, 


automatic package boiler 
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The most efficient operating 
cyclone collectors made 


Design makes the difference: in over a thousand plants 
across the continent, Buell Cyclones have proved themselves 
more efficient than any other cyclones made. Buell’s exclusive 
Shave-off port (A), traps the extra percentage of dust that ordi- 
nary cyclones lose. And large-diameter, (B), custom-engineered 
design eliminates bridging, clogging, or plugging during opera- 
tion, keeps efficiency high without interruption. Regardless of 
your present or planned plant layout, Buell equipment can be 
designed to solve your dust collection problems efficiently and 
economically. There’s valuable information in a concise book 


let, “Phe Exclusive Buell Cyclone”. Write Dept 


70-D, Buell Engineering Company. Inc., 123 
“a 1 William Street, New York 38, N. Y. 


Cyclones betore installation at a major plant. 


Baperts at delivering wey in DUST COLLECTION SYSTEMS 
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The Dwindling Margin 


comprehensive, formal 


American 


In addition to its usually 


program the recently concluded Power 


Conference in Chicago served excellent 


mecting ground for industrial and central station power 


agai as an 


Hien 
to talk shop with men of similar interests in outside 


This meeting ground aspect with its opportunities 


organizations appeals to all and represents perhaps as 
reason for Conference attendance as does the 


It is from the many little direct con 


strong a 
formal program 
versations and the oceasionai exchanges overheard — the 
shop talk, if you will-—that individuals gain a feeling ol 
the scope and the depth of the power generating industry 
Now first 


mentioned as an wolated case crops up in other 


and its) problems and again problem 


and persists and grows to where it spreads throughout the 
heard 
at the Power Conference was, in a phrase, 


discussed. fre 
that 


mdustry One such problem we 
quently 
of the dwindling margin 

itis that differential 
Phat differential 


finaneil rewards 


Phe 
between the directed and the directors 


margi as we sec 
traditionally 1s measured in terms of 

It should be and it 
both 


meentive to the man commg up and (2 


and job authority be sult 


fiaently broad in measures to (1) serve as an 


equip him with 
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the authority he 
From all the 
concept 1s Collapsing 


needs to discharge his responsibilities 


properly comments this traditional 


and age of general wage contracts, griey 
Alice and 
first thought is to believe that af the problem: exists ita 
Uniortunatelsy 


In this day 


formahzed neyotiations, the 


confined to the area of organized labor 


while the comments of the men at Chicago imateated 
the presence of the problem: at this level, the conviction 
that difhiculty 
pervaded mito the upper echelons 

We were interested to read, theretore, mi our 
that the 


umions have taken steps to establish research staffs to 


was expressed this dwindling margin 


British 


contemporary, /onginecring, European trac 


organize and compile data on the many changing facet 
vealed 


work 


of an madustrial cconomys One such facet was re 
statement that the 


giving place 


im the differentials for arduou 


or special skills are to responsibility pias 
ments 

If the need for special rewards tor re sponsibility are to 
ce recognized generally as vital to the efherent operation 
ol an adversely 


organization, perhaps the 


ifecting the margin will abate 


pr SSUES 


and allow ambition to 


rekindle itsel 
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Fig. 1—The importance of coal in the electric generation field is graphically 
portrayed in the pie chart above 


Similarly the major markets for coal are 


By DOUGLAS G. HUBERT 


Combustion Engineering 


() PUT coalin its proper perspective as a source ot 
power production, we must first 
\ report of the 


energy tor electri 


compere it to other energy sources 


\tonne Industrial Forum dated February records a 
number of authortative though widely varying pre 
dhetion Phe most optimistic of these states that by 
1S there will be a tetal U.S. capacity of about GO000 


growth continues at the 
00.000 


nuelear 
present rate (other 
megawatts of total electrical ¢ pacity im utility plants by 
1 


per cent of our total power production in LOGS wall be 


ol powell 


OUres micheate 


only 3 per cent nuclear Pheretore, 4 
thom dle 

conversely, the 
methe pou 
Wothe totalas livero 
Por LOOT the 
that of the total 


OS. per cent was by 


ip energy 
field, and 

position mi the total coal market 
chart 


ancl more 


hows coals position i the utility 
shows less than one-quarter 
halt of the total 


Institute reports 


than one 
generation m the U.S 


steam-clectriu 


coal 


cent was by va 


7.4 per cent was by oil and 
can conclude that 
U. S. s 


per Thus we 


two-thirds of the steam-electric power the 
now generated by coal 

Phe graph Pig. | shows the major markets for coal 
Phi 


utility 


tor vreatest percentage merease has 
where it has more than 
third of the total coal 


s which now represent coals 


been the clectru Harket 


doubled a the tem vears. Ome 
to the utility 


tilities used muathon tons of coal im 


produced oes 


market | 
| 


O57, and the estimated quantity for L967 1s 275 malhon 


and for 525 toms. Tt 1s predicted 
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Integrating Coal Properties with Boiler Design 


COAL’'S MAJOR MARKETS 


ELECTRIC UTILITIES 


STEEL & COKE 


INDUSTRIALS 


RAILROADS 


EXPORT 


RESIDENTIAL & COMMERCIAL 
1947 48 49 50 51 52 53 54 55 56 


1957 


portrayed and the utility company purchases are represented in their 
proportionate relationships on graph above. Note standing of the utilities. 


Of recent years the behavior of coal during the com- 
bustion process and the ensuing effect upon boiler 
availability and deposit build-up has come in for 
much needed study. This paper tallies and describes 
the design areas under influence of the various char- 
acteristics we now test for in coal purchases. 


that SS per cent of steam-clectric power will be generated 
by coalin 


Although some central 


coal is burned on stokers im 


stations, there 1s a size limitation on stokers and the pre 
ponderant number of utility plants burn coal in pulver 
ized torm 
hig 
twelve components or auxiliaries of large utility boilers 
\ black coal character 
istic has influence on a particular component's design 
at this check list reveals the strong influenes 


ash composition, and ash fusion tem 


So we shall concentrate on pulverized coal 
2 is a check list showing ten properties of coal and 
square indicates that a specific 
\ glance 
of ash percentage 
\ verv interesting observation 1s that heating 
affects 


perature 


directly mly two items ind 


value pulverizers 


burners, and vet Btu content has been the time honored 
vardstick for coal purchasing 
It would be one thing if all the characteristics of coal 


were known for a imstallation and could be ex 


pected to be maimtained for the life of the installation 
Very often a steam 


given 


But this would be wishful thinking 
generating unit must be designed for coal which can be 
expected to vary over a period of time, trom vear to vear 


from day to day, or even from hour to hour, and often this 
variation over the long term has a down-grading trend 


Southeast, to 


It is net uncommon, particularly the 
have a vearly summary of coals used in a given plant 
read as follows’ heating value 11,000 to 15,000) Btu's 
per Ib volatile matter 21 per cent to 55 per cent 
sulfur 0.7 per cent to | per cent ish & per cent to 1) 
nted at th \nt il M tin {the A\IMI in bran 
h ! th Int t tt 


4 
| 33% 
a | 
| 
| 
| 
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Fig. 2—Check list relating ten properties of coal employed in evaluating 
the fuel as against their influence on twelve boiler components 


moisture o percent to 15 percent; grindability 
2300 to deg 


per cent; 


10 to 90) Hardgrove ish fusion 
trom run-ol-mine to’ O 
now ready to consider the influence of the van 


a typical steam 


md sizing 

We are 
ous properties of coal on the 
Fig. 3 shows such a unit, complete with 
and auxiharies his 1s a controlled 
Danskammer Steam Sta 
Electric Corp 


design ot 
generating unit 

Ul its components 
circulation reheat unit for the 
tion of the Central Hudson 
Its design pressure is 2700 psig and it generates 950,000 
Ibs of steam per hr at 1050 F and LOOO F reheat 


Gas and 


Downspouts and Feeders 


Pine wet coal may cause downspout plugging and fine 
On the other 


hand, very coarse coal may cause jamming of the feeders 


dry coal may cause flooding of the feeders 


Sulfur acids which corrode carbon steel 


Surbaces 


produce 
\lso 
suriaces 


cness will intensify the wear on 
clad 


and seales, and feeder hoppers 


abra 


corroded xpensive staimless steel on 
downspouts, coal valve 


will reduce this corrosion and erosion to some extent 


Pulverizers 


ze ot pulverizers, or nulls, fora given 
boiler depend on the weight of coal to be burned, which 
dictated by In addition, the 
iffected by the percentage of mots 
uid the required fineness of grind 


Phe number ands 
is directly heating value 
capacity of a mull 
ture, the grindability 
Phe largest mulls im 
hour 

mesh 
rated at 
mav have anywhere from five to ten mulls per boiler 
related 


operation today have a capacity of 


30 tons per based on 55 grindability and 70 per 


ton per hr mills are beimy 


200 


cent through 


designed. Boilers megawatts and over 


Gnndabihity and wear are not necessarily 
Wearis a funetion of both the hardness and abrasiveness 
whereas the grindability 


with which the 


of the materials being ground 


index merely indicates the relative case 


coals are broken down to a definite sizing. However, a 
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Fig. 3—A typical steam generating unit with these twelve components and 
auxiliaries of Fig. 2 identified as to their position on the boilers 


coal of LOO grindability wall generally produce less wear 
than one with 5O grindabilitv because there are fewer ot 
the harder tractions im the lngher grindability coal 

Phe fineness required tor burning is largely a function 
of volatile matter and the burning qualities of the fuel 
Phe high volatile coals do not require as high a fineness 
as the low volatile coals Phe treer burning coals do net 
require as high a fineness as do the coking coals Thi 
lower the 


ligher the fineness required, the capacity ol 


the pulverizer Phe fineness requirement: varies trom 
Ho per cent to So per cent through 200 mesh 
Before certam coals can be burned properly 


Phe pulverizer can per 


a part 
the moisture must be removed 
form this function effectively 


will lint the capability of the pulverizer im pounds ot 


but high surface morsture 
fuel fed per hour. It is desirable, therefore, to keep the 
moisture content of the raw coal as low as possible 

oO per cent of the sulfur in coal is im 


Much of this is in solid heavy 


\pproximately 


pyritie irom form pieces 


and is thrown out trom some pulverizers through a se 


called tramp iron spout Phis maternal must be removed 


penodically by manual means, or through a continuo 


discharge system 
Sizing of raw coal is not as important with pulverized 
However it 1s a factor to 


coal as with stoker fired coal 


customary to specily In. to 


degree It 4s 
* O tor the large pulverizers 


selected on the basis ot 


| 
Phe pulverizer 

the highest possible moisture fuel obtamable in combina 

hheatiny 


Should not be 
lowest grindability and the lowe 
a definite fuel haying this 
for the average coal used the pulverizers 
Phe pulverizes 


tion with the 
combination ot 
that 


value unless 


characteristics actually would mean 


would be con 


siderably oversized would be operating 


at reduced capacity most ol the tune, and sinec powel 


requircments per ton ol coal pulye rized merease a 


itv is reduced, plant auxihary power would be higher 


Maintenance costs per ton merease with decreased 
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Fig. 4—The twin furnace boiler has been designed to serve large unit 
outputs, lower quality coals and still give long boiler availability 


Cupacily because wear is more a function of service hours 


thin \ better job of pulverizer selection and 
pulverizer operation will result if the coal vendor can 


a continuing supply of the 


assure the plant operator of 


ormiially speeiied coal, or of coals having a narrow 


range of the characteristics mentioned above 


Burners 


Phe chief funetion of the burner is to mix the air with 
o that the coal yaites and burns Chis may be 
within the the 
an enclosure for heat absorbing 

the 
bemyg a mixing chamber as 


the coal 


done almost entirely burner itself, with 


iting only as 
the other 
thre 


a heat exchanger 


urlace On furnace may be re 
burner 

with the principal maiximy of air 
the the so 
or fuel delivery nozzles 


sextremely low volatile matter 


quired to aet as 
well as 
md coal oceurrmge im furnace away trom 
called burner 

\nthracite coal 
requires a long burning time and a long distance for flame 
travel to burn the Vertical burners 
may be located ina furnace arch ligh up im the front ot 
thre \ long U-shaped flame is 


produced and a the am tor 


with it 
fuel completely 


tde walls ol 


portion of combustion 1s 
lower section of the furnace 
country, ol the 


considerable range m volatile matter 


introduced im the 

In this 
bituminous with at 
One type of fuel burning equipment adaptable to the full 
the tangentially 
fired furnace where complete mixing of coal and air oceur 
the furnace Phi 
tents and ash compositions im coals as delivered to a 


course predominant fuel 1s 


range of bitumanous and liynites 1s 


proper wide variation im ash con 
viven Station produces changes im the slagging and ash 


rcccumulating propensities of a furnace. This turn 
tneans a change m the effectiveness of the heat absorbing 
a resultant change im the furnace exit: gas 
temperatures. With tangential firing the burners are 
designed to tilt upwards and downwards through a total 


the 


surfaces and 


angle of 60 degrees. Changing the position of 


40 


burners to suit current furnace heat absorbing conditions 
makes the proper effective heating surface available 


Furnace 


The temperature of the gas leaving the furnace and 
entering the convection surfaces must be low enough 
to prevent fouling of these surfaces. ‘This temperature ts 
dictated by the temperature of the 
The furnace walls will be coated to extent 
dry ash or slag they absorb less heat from the 
burning fuel and hot furnace gas the 
degree to which furnace slagging will occur with a given 
fucl is heat release rate, in Btu's per square foot per hour 
\ high quality Eastern bituminous coal will permit a 
and a smaller furnace, than most 
Midwestern coals. Since the alkali and iron content ot 
the coal have a direct bearing on slagging tendencies, 
other method ot 


coal 


with 


ash fusion 
some 
so that 


Qne measure ol 


higher heat release, 


their reduction by washing, or any 


cleaning, makes possible a smaller furnace 


Superheater, Reheater, Economizer 


Phe major cost of a modern utility boiler les in the 
superheater and reheater. If the 
demand a low gas temperature leaving the furnace and 
entering the superheater, there must be a correspondingly 
large quantity of this surface. Wide tube 
spacings must be used in the igh temperature sections 
In the low 


ash characteristics 


to prevent bridging of slag between tubes. 
temperature sections and in the economizer, allowable 
a munmum on tube spacing il 
These spac 


gas velocities will set 
order to reduce erosion from ash particles. 
ings determine the gas mass flow and in turn the heat 
transfer coetlicients and the heating surface. Thus a 
low-grade coal will dictate not only a large furnace but a 
large superheater and reheater 

High metal temperatures in superheaters and reheaters 
call for alloy tubing, and the attack on alloy tubing at 
high temperatures by alkalies in the coals 1s one factor 
in limiting steam temperatures. Any inherent or added 
constituent which the alkalinity of 
above O44 per cent may result in serious difficulties. Ii 
such alkalies can be eliminated trom coals im preparation 
may help 


the coal 


plant treatment or storage procedures, 1 
to raise the ceiling for steam temperatures 
With the inerease in the size of units and decrease im 
the quality of coals, furnaces have been getting larger, 
With 
higher steam pressures and temperatures it has become 
increasingly more difficult to get suflicient heating sur 
face in convection type superheaters and reheaters 


with furnace exit gas temperatures decreasing 


Fig. | shows a twin furnace boiler, one of four 200 mega 
watt units im operation or under construction for Niagara 
Mohawk Power Corporation's Huntley and Dunkirk 
stations Phe finishing stages of the superheater are 
at the top of one furnace and the reheater is at the top 
of the other furnace  Platen superheater and reheater 
surfaces are employed for this 2400 psig job, so that suthi 
cient heat is absorbed by radiation to achieve the re 
quired steam temperatures of 1050 F in the superheater 
1000 F in the reheater. These platens on wide 
spacing, approximately 16° in., both 
radiation and convection, and yet because of this wide 
spacing, and because of the tangent tube construction 
in the direction of gas flow, this surface is not subject to 


and 


absorb heat by 
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slag accumulations which cannot easily be removed by 
soot blowers 


Ash Deposits 


A pause ts made at this point in the orderly progression 
of equipment to emphasize and add perspective to the 
vital problem of ash deposits. The subject is pictured 
in Fig. 5. At the risk of over-simplification, the nature of 
the problem, the cause and the cure are briefly presented 

Although much research is being done on coal ash, re 
liable ash analyses are not usually available to the de 
He does have a clue, however, in the per cent 
the 
means high tron content 


signer 


of sulfur in coal. Generally, high sulfur content 
as the small graph in Fig. 5 
shows. High iron content is a sure sign of trouble, as 
shown in the temperature diagram in Fig. 5 

The two vertical lines in this diagram show the thre« 
1.1). (anitial deforma 


better known 


characteristic ash temperatures 
tion), S.T. (softening temperature as ash 
ind FLT. (flund temperature In 
general, the higher the tron content, the lower these tem 
the 


temperatures moa 


fusion temperature 


peratures and greater the difference between these 


and aim oan 
that a 


reducing atmosphere 


atmosphere There 1s also evidence 


oxidizing 
low 
Above the fluid temperature, the ash particles in the 
tube 
form a 


spread is an indication of trouble 


surface, are 
hard 
\t lower temperatures there may be a 


furnace, when deposited on a com 
pletely 


slag when cooled 


fused together and homogeneous 


combination of slagging and sintering of partly deformed 
parti les 

Even below the initial deformation point, sintering of 
underformed spherical ash particles may occur, due to a 
sticky coating of condensed alkali vapors This type ot 
ippears m the cooler gas zones, among 
the superheater, and 


Further, the slagging bottom 


deposit generally 
banks ot 
to remove 


the convection is olten 
dithieult 


unit is partially susceptible to this phenomenon, because 


very 


first, the burning zone is at a higher temperature and more 
of the 
fly ash in the 
vaporized alkalies 

\part from restneting the alkali content of coals to 


alkahes are vaporized, and, secondly, there is less 


gas and theretore a higher percentage of 


be fired, it is apparent that the reducing atmosphere ot 
the burning zone must be restricted to as small a fraction 
of the furnace volumes as possible, and the ash hurried 
into an oxidizing atmosphere. This is shown diagramat 
ically at the bottom of Fig a list of the 


which constitute the cure for the problem. 


with factors 

These factors are within the control of the operator, 
providing the ability to control is built into the equip 
ment. One tactor is coal fineness from the mall, and, with 
respect to ash deposits, the per cent left on 50 mesh is 
than the 
a OU mesh particle takes 16 times as long 
so that the 5 
ticles will retain a localized reducing atmosphere well up 


Phi held 


more significant 
Theoretically 
to burn as a 200 mesh partich 


per cent through 200 mesh 
mesh par 


in the furnace OU mesh particles should be 


to lor 2 per cent 


Other factors are suflicient excess air, which must be 
available at the forced draft fan, air tomperature which 
is the function of the air heater, and coalair mixing 
which requires properly designed and operated burner 
dampers. Furnace size, soot blowers and tube spacing 


consid red be low 
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Fig. 5—A grouping of figures in which the causes of ash deposit formation 
are listed and suggested cures advanced. 


Soot Blowers 


Soot blowers are a necessity any pulverized coal 
boiler Phese consist of long retractable blowers im the 
superheater, reheater and sometimes economizer, and 


thre walls for cle 


Phe grade of coal dictates the mum 


short retractable blowers in furnace 


Slagging purposes 
ber and location of soot blowers required. Ash pet 
centage and ash fusion temperature are the major deter 
bactors 

for three 


Figures 6, 7 and S show soot blower location 


boilers burning widely differing coal three are 
designed for psig turbine throttle pressure, 
main steam and 1000 F reheat, with boiler ethicreney 
SS.0 to SY per cent Phey are of about the same capi 
itv, from a little less than a to a and a 


quarter pounds of steam per hour 


hig. 6 shows Plant A, burning an Eastern bitumiuneu 
coal. Fig. 7 shows Plant B, burning a Southern bitu 
minous coal. Fig. S shows Plant burning a 


western bituminous coal 


Mig. Gis a bar chart showimy per cent sulfur, per cert 


ash, ash fusion temperature, furnace heat release and 
number of wall blowers in the furnace and long retract 
thle blowers in the superheater and reheater. Plant ¢ 


has the lowest heat release and the largest number ot 
soot blowers because thi plant burns a very low grade 
coal from nearby mines. The speeitication coal lad 
1} per cent sulfur, but a newly opened seam yields coal 


with as Iigh as 15 per cent sultur. Blending wall be re 
quired, and Fig. 9 shows ¢ per cent sulfur \Iso thas coul 
is unwashed 

\t this pomt at may be mteresting to compare the lat 
cral spacings between superheat and reheater clement 
and the ga velociti for these three plant hay 
takes this comparison In cach ease, the widest spacing 
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for a plant called "A" burning an Eastern 
Litur-ineus coal 


Fig. 6--Soot blower ‘icn 


Fig. 7—Soot blower locations for a plant called "B"’ burning a Southern 
bituminous coal 
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where slagging 


is at the 
with a decrease im lateral spacing im the direction 


point ol gas entrance 
occur 
ol gas flow Close spacings im the cooler zones 1s dictated 
priunarily by the need for large amounts of surtace, duc 
to the progressively decreasing heat head in the counter 
heat Dratt 


MUN Sy but gas velocity 


flow transfer system loss sets an economi 


wig with the potential 


erosion from fly ash, also takes a hand in 


Phe curves at th 


hazard of tube 


setting this minimum bottom olf 


lig. 10 show the vas velocities im feet per second pro 


gressively through the unit 


Air Heaters 


With the cost of fuel rising, higher boiler etlicieney ts 


demanded. Heat recovery equipment includes the econ 


onuzer and one or more air heaters, with a low exit gas 


temperature from the air heaters. Utility companies are 


going as low as 250 F or lower im exit gas temperature 


Gas at these temperatures approaches, or talls below 
the dew pomt, and acid corrosion is quite common 
With high sulfur coals this makes necessary extensive 
protection devices to avoid corrosion Steam or hot 
water coils and hot air recirculating ducts are im common 
US¢ Miost air heaters have a removable cold) end 
made of alloy elements designed to resist corrosion to 
some extent \ll of this pomts to the value of removing 


sulfur from utility coal 
High ash coals may cause plugging of the heating sur 


faces im air heaters. Soot blowing and water washing 
devices are commonly mcorporated im air heaters \ 
oot hopper im the gas duct ahead of the air heater wall 


remove some of the heavier ash particles 
ur heater is the varia 
ot the 


Qne factor im the selection of the 
tion in the moisture content of the coal Phe size 
is chiefly determined by the desired exit gas 
temperature Part of the 


used to drv the coal in the pulverizet 


air heater 
from the air heater 1s 
and the 


than sufficient 


hot am 
tempera 


ture of this atr is usually more to dry the 


highest moisture coal expected Phe temperature imsice 


so that some air at 


the mull is limited to prevent fires 
known as tempermg air, is maxed with 
Puss 


be considered im de 


temperature 


Phis tempermyg air does not through 


this fact 


the hot au 


the air heater, and must 


sivming the aw heater 


Forced Draft Fans 


fans are affected by the 
turn affected by the 
as ciscussed ibove hie 
not go through the forced draft tan Ii « 
moisture content than expected is burned, there 


Forced dratt ai 


which is m mowsture in the coal 


tempermyg air generally dor 
val with a highes 
may be 
more of the 
and the 


pereentage ot 


less tempering air than planned on, with 
total air for combustion going through the tan 
fan mav be undersized It the 
in the raw coal could be kept down, the tolerances appled 
in selecting foreed draft fans night be reduced 


Induced Draft Fans 


Wear and mduced dratt tans are 
affected by 


corrosion from the sulfur in the fuel may show up im the 


on 


ash percentage and composition 


low 
Phe size and static requirement of the imduced 


induced draft fans when gas temperatures are im 
volved 


draft fans 1s mereased by the presence of dust collectors 
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with an average of 2 in. draft loss in mechanteal col 
lectors and up to in. draft loss in electrostatic pre 
cipitators plugging of convection surfaces by 


slag and ash may increase draft loss 


Dust Collectors 


Atmosphere pollution has received a great deal of 
attention im recent years, especially when power plants 
are located in urban or residential areas. On a normal 
dry bottom furnace installation, about 20 per cent of the 
ash goes to the ash pit at the bottom of the furnace, 
and the other SO per cent is carried out with the gas 
With the percentage of ash found in most coals today 
it is necessury to mstall a dust collector to reduce the 
amount of ash leaving the stack. A well designed me 
chameal dust collector may take out as much as SO 
per cent of the dust in the flue gas, depending on the 
nucron sizing of the dust. Regardless of the method ot 
firmy the fuel, or the amount of extraction of the dust 
by mechameal means, many of the smaller micron sizes 
remain in the gas Phe next step is to add clectrostatic 
precipitators which have an efliciency im the order of 
1) per cent In many cases, mechameal or electro 
static precipitators are placed in series, with a combined 
ecHhereney im the order of YS per cent \ll of this, ot 
course, greatly imereases the cost of the plant, and re 
duction im this cost can certainly be made possible by 
lowering the quantity of the ash in the coal 


Size of Systems, Plants and Units 


It may be mteresting at this pomt to consider the size 
of utility systems, plants and units im terms of coal 

Fable [ lists the 25 top-ranking coal-burning utilities 
for 1957, Showing a total of over 100 million tons con 
sumed that vear Phis 1s Go per cent of the total quan 
titv of coal used by the electric utilities in that period 

Phese tigures are of course changing constantly, with 
substantial additions bemg made im many plants [he 
largest steam-electnic plant the world today the 
Kingston Steam Plant of the Tennessee Valley Authority 
In this plant there are mine turbines and boilers, four of 
them rated at 1o0 megawatts and five of them at 2OO 


megawatts This gives a total plant capacity of 1,600 
OOO kilowatts. Statistics of the “laid end to end 


variety were never better apphed than to this plant 
If all the 50-ton coal cars required to maintain this plant 
at full capacity were laid end to end, the result would be 
one Sol-car tram coming into the plant every 24 hr 
With this enormous quantity of coal being consumed 
it is not surprising that a wide variety of coals is pur 
chased, requiring considerable flexibility in’ the design 
and performance of equipment 

Phere has also been a marked inerease im the size of 
individual units. Fig. |] shows the largest steam gen 
erating umt bought in the U.S. to date Now im the 
design stages, it will supply steam to a turbines rated at 
gawatts Phe turbine throttle pressure is 2400 


psig and the boiler delivers 3,850,000 Ib of steam per 
hour at 1050 F, with reheat at L000 F Phe boiler is of 
the controlled circulation type with two furnaces each 
square Phere are four regenerative type am heat 
ers and ten 30-ton per hr pulverizers. Eight of these 
malls will normally handle full load, with the other two 
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Fig. 8—Soot blower lecations for a plant called "'C"’ burning a midwestern 


Fig. 


bituminous coal 


PLANT A PLANT B- PLANT C 


' 
40) 
24 RETRACTABLES SULPHER 
aw 8 
| 
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3x 
° 
3 
| 
4 800 
Sr 
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FUSION 
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WALL BLOWERS 
2000 ~ 
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a 
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u 


930000 
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82000 


9—Bar chart compares heat releases, fuel characteristics in Plants A, B, 
C and the wall blowers in the furnace 
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Fig. 10—Comparison of lateral spacings between superheater and reheater 
elements and gas velocities for Plants A, B, C 


mulls serving a total coal consumption 4 


prare 
over 


toms per 


Availability 


In veneral, as umit sizes have become larger, the com 


mereased 
ut 
avathability Ingh 


bined clhoreney of the boiler and turbine has 


ind the cost per i talled kilowatt las decreased 


large sive can only be justified af 


to megawatt unit tay mean a 
of dollars 
that availibility ha 


hig. is a 


tice outage ob a 


loss of many thousand per day Fortunately 


however the record show been 


recent years record of 125 


Which have been im service from through 195; 
le than | per cent of outage time was caused by 
of or on pressure parts or fuel burning 


Coal Preparation 


Itean be concluded that itis of the utmost importance 
that the 
coal whose burning charactertsties compare unfavorably 
volatile Pennsvivania Clean 
thiost totally ind the pulver 


overburden 


coal buyer give attention to the quality of the 


with our low mithracites 
Hig Operations are lacking 
de 


quart 


ervstals of 
\nother 


to 


ers titist comtaminy 


rormet and abrasives 


foreign plant handles coal with an ash content of 


In this case the plant Capacity has actually 


ho percent 
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PABLE | COAL’S TOP-RANKING ELECTRIC 


CUSTOMERS — 1957 


Tons Consumed 


Pennessee Valley Authorit 1S. 240,000 
2. Commonwealth Edison Co 9 524,000 
Detroit Edison Co 5.771.000 
Consolidated Edison Co. of N 170000 
\ppa lac man Eleetric Power Co 1 4600 000 
Indiaina-Kentucky Electric Corp 000) 
Ohio Power Co 135.000 
Pliladelphia Electric Co 3.979 000 
Niagara Mohawk Power Corp RRO OOO 
Pennsylvania Power & Light ¢ 706,000 
Ohio Edison Co 
12 Duke Power Co 3.657.000 
| Duquesne Light Co 3,522,000 
14 Consumers Power Co 151.000 
Klectric Energy, Ine 162 000) 
lt. Ohio Valley Eleetric Corp 2 GOS HOO 
Cleveland Electric Co SOL 000 
IS Union Eleetric Co 2 471,000 
Virginia Electric and Power Co 402 O00) 
a Public Servier Co f 2 304 000 
\labama Power Ce 
32 Wisconsin Electric Power Ce 2 326 000) 
Public Service Electric nad € 
24 Cincinnati Gas and Electric Co 2 O71 
> 


25. West Penn Power C O15.000 


tul 104.767. 


been limited by the capacity of the ash handling system 
these are 


even in the S., tine 


Glaring examples such as probably not 


Nevertheless 


representative 


raw material which reaches the surface of the earth is 
of poorer quality than in the past, and, paradoxically 
this is largely due to modern mining methods With 


full-scale mechanization, selective mining has given was 


nuning, which delivers much of the im 


coal In 


overburden may be 


to tull-seam 


purities with the iddition, im strip mining 


much of the included with the coal 


If ash 


necessa4©ry 


sulfur and moisture are low, the only operation 


may be sizing, by such processes as scalping, 


crushing, sereening or hand picking However if 


ash and sulfur are excessive, some form of cleaning or 


waslung is im order Phis may inerease moisture, and 


drying by centrifugal means or some thermal means as 


flash drying may be required 


Evaluation 


Phe Edison Electric Institute reports that for 1957 the 
total operating expenses for all private utilities was over 


3 Dillion dollars. Of this total, almost. 1 billion 
dollars was tor fuel, and over half a bilhon dollars was 
for mamtenance Much of this maimtenance cost can 


be reduced af mupurities m the coal can be at least partly 
removed before the coal is shipped 

Many utilities are evaluating impurities on the basis 
include labor for 


cost Factors may 


of imeremental 


maintenance, boiler eflicieney, power 


soot blowing steam or cur, fixed charges on added invest 


ment, and power replacement Such costs may add 
up to ST to SL.O0 per ton ol coal, whereas the cost of 
cleaning the coal at the mine may be a fraction of this 
One Midwest utility found that there was as much as 


Pocents per ton difference between the operating cost ol 


This 


repre sented oper cent of the price ol the coal, enough to 
\nother utility 
They 


in average coal and the cost of low grade coal 


make them chminate the poorer coal 


uses a bonus-penalty method of coal purchasing 
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Fig. 11—Largest steam generating unit bought in the U. S.to date. It will 


supply steam to a 500-mw turbine at 2400 psig 


have worked out a contract with their suppher which im 
sulfur. 
unpled at the plant and the price 


cludes price corrections for moisture, ash and 


Each coal shipment is s 
for that 
pereentaye 


shipment is adjusted accordance with the 


of these constituents 


Summary 


Summarizing, we have noted that coal im pulverized 


form will be the major fuel for utility plants for a long 
undoubted 


Impurities im coal affect the design 
] 


time to com and its use will mcrease 
operation and cost 
of most of the components of a steam generating unit 
With rising costs 
for high 
looking for better quahty coals 


the coal! 


nereases umt size, and greater need 


avallability, designers and operators wall be 


It is thus incumbent on 


producer to make available coals which have 


REHEAT 


AVAILABILITY STUDY OF ALL PRIVATE UTILITY UNITS 


Number of Units 
Total Capacity Mw 
Average Capacity per Unit_Mw 


Total Boiler_Hours 


— Years 


AVERAGE AVAILABILITY 


AVERAGE 


95.51% 
90.15% 
93.79% 


USE FACTOR 


AVERAGE CAPACITY FACTOR SOLER 


SOLER TURBINE 


PER CENT TOTAL HOURS IN OUTAGE 


Fig. 12—Availability record for 125 units in service 1949 through 1957 


been better prepared and which are of uniform 


quality over the life of the steam: generating unit 
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U pe reritical 


The services performed on one major 
assiynment—the supercritical power 
piping for EddystoneStation, Unit No. 
1 —are evidence of The M. W. Kellogg 
Company's capability to 
many critical problems encountered 
with piping in) the modern 
steam-electrie plant. 


solve the 


power 


Kellogg’s services for Philadelphia 
Kleetrie Company during the course 
of this project have included metal- 
lurgical research, flexibility analysis, 
material K-welding* 
and testing during fabrication in 
Kéilogg’s Jersey City shop and during 
field erection. 


specifications, 


Some idea of the magnitude and 
complexity of WKellogg’s responsibili- 
ties at Eddystone, and how problems 
were solved, may be obtained from 
the new 12-page Kellogg booklet, 
“The EddystoneStory”’,shown above. 
Copies will be sent promptly on re- 
quests from consulting engineers, en- 
yineers of power generating companies, 
and manufacturers of tur- 
bines, and allied equipment. 


boilers, 


DP 
% 


Complete 
Power Piping 
Service 


Keeps Pace 


Flexibility Anaivele 


Kellogg welcomes the opportunity to 
discuss any or all of its complete pow- 
er piping facilities with representatives 
of the industry. 
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Here is a well stated summation of the water prob- 
lems besetting the return system of a steam power 
plant or a heating installation and should prove of 


special value to the industrial plant man 


Oxygen and Carbon Dioxide Corrosion 


By PAUL BRINDISI 


Celco Laboratories 


LONG with scale, corrosion can be equally dam reacts with water itself nor the salts mi solution, but 1s 
aging to botlers. What's more it can be most carried along as a dissolved gus Phe amount of oxveen 
troublesome im steam and returns system as present depends largely upon the prevailing tempera 
well. Corrosion may develop from various causes ture Oxvven’s solubility increases with lowertmy of the 
especially at high operating pressure, where this problem water's temperature. Longer contact’ time with the 


becomes quite imtricate However, here we ll consider atmosphere also favors greater absorption of this ga 


the principal and more destructive agents of corrosion Consequently, all surface waters contam free oxygen 

oxvgen and carbon dioxide Phey may have any degree up to full saturation, which 
isapproximately ppmeat 32 Fand LO ppm at 60 

Sources Ram water has a strong tendeney to dissolve carbon 

dioxide from the air Phen, passing through soil 

All waters absorb a certain quantity air and sub this water picks up other carbomie imyredients \s at 

sequently, too, oxygen. This) free oxveg neither result, subterranean waters normally have very 
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oxygen, but are quite rich im carbon dioxide Well 
waters may contain as much as 40 ppm of this gas, or 
even more under pressure In surface waters, carbon 
dioxide will exist in variant amounts. However, it is 


yenerally fairly low and seldom exceeds the oxygen 


pore ent 


rilike loosely 


carbon dioxide does, im part 


unite with water While carbon dioxide’s solubility 1s 
likewise governed by temperature, it 1s also greatly 
influenced by the water chenneal mgredients An 
widie condition enhances the existence of free carbon 
dioxide, whereas an alkaline condition diminishes it 
Oxyyven is not so affected Carbon dioxide can remain 
free so long as the water's pH is below 8.5 \bove this 

luc, the gas is completely absorbed in reaction with the 
Hhalme constituents 

\ll waters posse harcdne which may be of the 
temporary form either in whole or to considerable extent 
cousists of the bicarbonate ind carbonates 


of caletum and magnesium With imereased tempera 
ture, soluble caletum bicarbonate decomposes to release 
carbon md) precipitate calemm carbonate 
Reaction Big. | \Iagnesium bicarbonate does the 

me, only its unstable carbonate further breaks down 


inte more carbon dioxide and magnesium falls out as 
hvdroxide, Reaction 2, Fig. | In addition to these 
harcdnes its, the water's natural alkalinity as sodium 
undergoes aetion Reaction 
ig. | Every 100) ppm of biearbonate produces 74 


ppm of carbon dioxide and LOO) ppm of decomposable 


carbonate furnishes 45 ppm of this gas 


Oxygen, therefore, reaches the boiler solely from) gas 
cissolved im the feedwater Carbon dioxide makes 
entry both a is earned im solution and that evolved 
from decomposition of carbonates im the boiler water 
Phese gases originate mainly in the makeup water 
but occasionally enter with the condensate through aim 
leaks im the returns system 

Corrosion 

Wile water is very reluctant to dissociate, a minute 

portion lew eparate ito its charged components ol 


hvdroven and hydroxyl tons, Mig. 2 Iron is electro 
chenneally more active than hydrogen Because ot 
thi in atom: leaves the outermost molecular 


liver of the bare metal ind displace s the weaker hydrogen 


a4 


surf ace 


Pe. 

hydoxyl. 
ion Fe 


4errou ADs 4 


Fig. 2——Water ionizes; hydrogen ions replaced by iron atom from metal's 


surface; iron goes in solution; hydrogen blankets metal surface 
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from the iomzea water. Iron combines with the re 
maiming hydroxyl ions to form soluble ferrous hydroxide 
Meanwhile, hydrogen replaces the departed iron on the 
metal surface and proceeds to gradually cover that 
affected area. This blanket shields — the 


metal from further action Iron so lost 1s infinitesimal 


hy drogen 


But oxygen causes this process to continue. Some 
oxygen unites with the protecting hydrogen to make 
water, Fig. 3.) A second molecular layer iron is thereby 


exposed to renewed clectrochemical reaction. Other 


oxvgen converts soluble ferrous hydroxide into imsoluble 
ferric which rust. Water's 
limited capacity for dissolving iron is thus re-established 


oxide deposits out as 
Phis action repeats as long as the oxygen supply lasts 
Meantime, the metal becomes thinned down 


Carbon dioxide unites with water to produce carbons 


acid, Reaction 4, Fig. | This weak acid dissociates 
more extensively than water, hence, is capable of fur 
mshing hydrogen tons at a speedier rate Moreover 


formation of this acid brings a lowering in pH, which 
inereases the solubility of 
Carbon dioxide, therefore, can accelerate the action 


of water upon a metal surface by many times. However 
Its attack on tron could 
\nd in 


may be 


IS lar more aggressive 
be as much as tenfold faster than carbon dioxide 


thetrr combination, oxvgen's corrosive ability 


further quadrupled 


Effects 


Oxvgen soon reverts from an initial widespread attack 


to a concentrated one Its destructive action will be 


where water undergoes a marked rise in tempera 
ture, due to the 


Oxygen peppers the metal surface with pinholes and 


mass liberation of this dissolved gas 


works fastest at those offering least resistance nee a 
good bite has been taken, the cavity 1s steadily expanded 
and deepened till the weakened metal ruptures. So it ts 
that metal can fail from a small cluster of bad pit holes 
even while the surrounding area remains hardly damaged 

Oxygen is prone to act first wherever the metal does 


a tightly bound surface. Such places may 


not present 


be where its crystalline lattice 1s not uniform or the 
composition not homogeneous; where there exists 
microscopic metal flaws or breaks; where the metal 


suffers fatigue from continual expansion and contraction ; 


Fig. 3—Dissolved oxygen removes protective hydrogen from metal surface. 
Oxygen also precipitates soluble iron out as rut 
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Fig. 4—Pit hole with rust dome and active magnetic iron core 


or where the metal is subject to considerable bending 


stress. 
W here 


water becomes qui kly 


oxygen corrosion heaviest, the adjacent 
supersaturated with dissolved 
unfully oxidized iron to leave 
iron, Reaction 5, Fig. | 
this deposit, the resulting 


ven 


This causes some 
black 


On complete oxidation of 


iron 
solution as magnets 
rust particles are pushed to the rim of activity 
tually, such crust builds up into a dome-shaped nodule 
Fig. 4 

Red 
small red ring 
makings of a pin hole 
a pit hol So 


thus denote veneral corrosion. A 


it black center speck shows the 


markings 
with 
And a rust nodule will invariably 
too magnetic 


be covering presence ol 


Iron is indicative of active oxvgen corrosion, Whereas its 


absence usually signifies such action has been retarded or 
arrested 


Carbon dioxide an acid than a 


in Water acts more like 


gas \s an acid, tt spreads its attack over the entire 
exposed metal Phe stronger this acidity, greater will 
be the consumption of iron. Carbon dioxide, hence, 
produces general corrosion with an overall thinning ot 
the metal. Where this dissolved gas 1s heavily) con 
centrated, accelerated erosion will) cause grooves to 
develop 
Occurrences 

In cold water, carbon dioxide 1s fairly passive, while 
oxygen displavs subdued activity. Natural waters tend 
to lav a film of calerum carbonate inside pipes, which 
retards corrosion Phe higher percentage in temporary 
hardness, the more secure will be this protection. Sub 
sequently, we usually find only light general erosion in 


raw water lines 
Hardnes 
normally of a 
Pherefor 
With exchange 


so there develops no filming protection 


from lime-soda softening 1s 


moderate quantity, existing wholly as 


little 
olteners 


COTTOSION 


carbonate 1s expected to 


follow the residual hardness 


is virtually nil 
Such softened water may be quite corrosive 
tanks 


Receiving closed heaters and heat exchangers 


can suffer severe corrosion trom a sudden clevation im 
water temperature Plus brings about localized 
concentration of liberated oxveen and carbon dioxide 


gases and consequently, too, their imereased activity 
Same may occur in an economizer, where more of these 
gases becom rapidly expelled from the feedwater 
Such action could also develop in the preheating section 
of some boiler especially when imcomung water 1 


briefly detamed within a restricted space 
In boilers, the 
Orrosion comes on pitting of the 


MIuch of the dis 


first and more mtense evidence of 


OXVEEN drum along it 


water-level belt solved gas is released 
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Fig. 5—Alkalinity changes and presence of free carbon dioxide with 
respectto pH 


Wile! 


Phen 


leaving 


too 


at the surface of bothng water 
continually shell 
thin sheets that evaporate readily and promote oxvgen 
attack the 
almost always scale free 


The rolled ends of tubes are quite vulnerable to oxygen 


sich Ss 


laps thre 


upon metal. Furthermore, this area ts 


corrosion, due to a weakenmy of the metal surtace 
under stress. Sporadic pitting may also appear at 
points of main steam production. “Phese could be on 


uit and am 


HI 


tubes of a 


the furnace evlinder of an package 
water tube bowler 
protection Nevertheless 


Steam formation 


waterwalls or generating 
Seale affords them 
even the hardest scale will yield some to 


much 


thus providing openings for oxygen to rea h the metal 
Scattered pitting may well proceed amid a bad sealing 
One such pit hole can cause a tube to tial 
scale bunld-up 


condition 
long before it would have done so from the 

With increasing heat and continued release 
water acquires a of prior to or soon upon 
\t this pH, some sodium hydroxide 
natural 


of carbon 


dioxide 
entering the boiler. 


through water 


develops breakdown of the 
alkalinity But 
the presence of carbon dioxic 
Reaction 6, Fig. | 


Reaction 3 hydroxide cant exist an 


stead unites with at 
evolves wth heat and the 


\t 9.5, all the reab orbed 


to reform biearbonate 


is mamtamed til more gas 


disengaged hydroxide prevails 


carbon dioxide is discharged and hydroxide comes iite 


prominence, Fig. 5. Incoming carbon dioxide of tresh 
feedwater 1s thereafter held im check by the bolder water 
Pherefore, oxveen alone cor 


of the botler 


concentrating alkalinity 


rodes below- water section 


Some general corrosion may occur mi the borler 


particularly 
holds for 
droplet 


steam space on collection of condensate 


equipment 


round steam-purntyving 


wet steam has its water 


revulatuny 


steam Jines, where 


knocked-out ut sharp bends or by device 


Steel is not affected by either oxveen or carbon dioxide 
With high pressure 
But this is by 


ittack by oxveen va 


dry steam corrosion does ce 


In Superheater direct action of steam 


mot trom 


Oxyveen and carbon dioxide resume them destructive 
action redissolving the condensate (seneral 
corrosion and pitting will be light where drips 


However, such activity iS additional steam 
condense md mere use ire absorbed \ team 
heavily laden with carbon dioxide wall render the con 
densate strongly acids (Grooving results when a 


is partially filled with this rapidly flowing condensate 


When steam is entirely condensed, the line fills and 
ill mid irbeon clroxice are forced Hite 
olution I} overly iturated wath these pase the 


lugh 


hy lly 


a Ver 
Phe metal could 


returns a 


low pH and « 


COTTOSIVELE then be thinned 
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Fig. 6——Graph A with rising pH. 


attack by oxvgen and 


ids of piping and fittings readily 


from a concerted 


| hire 


tlong with elbow walls 


youved 
carbon croxaicte 
vive out 
mall 


which decompose in the boiler to 


Raw water ordinanly contams a quantity. of 


organs 
NIT Phis vas, on dissolving in the con 
strongly alkaline 


While the 
ppm it does he Ip te 


liberate 


densate, form annnonium hvdroxicde 


Reaction big passing off 


with steam is generally Ie 


neutralize some carbome acid in the returns, thereby 


reventing its pH trom dippimg even lower 


Corrosion from carbon chioxide alone relatively 


little 


with 


when it is below 6 ppm and the condensate’s pH 
ittack can be 
ppm and the 


ubside as the 


Ipated 


pH below 


under But severe 


carbon ibe } 


cool 


returns 
hall that at 


Corroston tend te 
down \t loud 
| 


cntermg 


uch activity ws usually 
leaks om the 


conditions 


returns 
Cor 


steam 


through ag 


few ereatlhs iveravale these 


roston will be more pronounced im units where 


pernmodieally undergoes complete condensation \ir may 


then be drawn am at imtervals of unsustamed vacuum 


that fail to 


\ir ean through glands, gaskets, packing or 


water seal hold on steam or condensate 


¢ rit 
Deaeration 


good deaeration ol 
both 


Corrosion is best countered wath 


the feedwater Sinee thre olubihity ot oxvgen 


ind carbon dioxide dinimishes with mereasing tempera 


ture, these gases can be eliminated trom the water on 


ilective deacration rehes upon proper venting 


close to or at the 
back 


ats 


the teedwater a 
prevailing 


temperature correspondiig to the 


pressure Phis would be 224 Fat pst and 


pst 


Water passing through a heater can't be 


| 
detamed to msure complete removal of the 


In 


chissolved Po hasten this action, the water 1s 


mechameally broken up so as to present larger exposure 


rea Spl ling over travs elfeets a greater expulsion 


ivast bulk of water 
better Stull 


gamed by foremy steam imtiunately through 


of these gases than merely heating 


Spraving the water proves even more 


ts 


steam serves to physically 


the water mass action 


much of the residual gases out of solution 


displ 


Moreover, the uncondensed steam sweeps away the 


gases thereby reducing the Vapor pressure 


each would have otherwise apphed on the water surface 


Graph B: 


Oxygen solubility with increasing temperature and pressure 


In so doing, the release of additional gases 1s rendered 
easter and, too speedier 

Deacration may be accomplished under vacuum as 
well, but not quite to the extent capable with a spraved 


The 


reduce dissolved oxygen to as low as 0.01 ppm 


latter can 
Such 


water, positive-pressure type of unit 


eflicrent: heater operation will also produce zero free 


carbon dioxide, although not actually ridding the feed 


water entirely of its original gas This is because, on 


discharging carbon dioxide to within several ppm, 


ittains a pH of 8.5, at which point 
the 
carbon 


the water mvaribly 


the remamimng gas 1s reacted waters cle 
alkalinity 


ilwavs eludes removal, even with the best deaeration 


upon by 


veloped Pheretore hoxide 


High boiler pressures demand the ultimate in deacra 


destructive of these two 
likely to attack pre 


proper The less 


tion Oxveen 1s the more 


gases and also the one most boiler 


umits along with the boiler 
left im the 
chenneal correction \t 


added 


is 


oxygen 
heater effluent, the less need be its follow-up 
lofty 


must be 


those temperatures, the 


miyection ol chenneals restricted to a 


readily induce 


highly 


bare increased salts may 


scale formation for toamiung of the SCTISILIVE 
bottler water 
Ideal heater 


or mechamealls 


performance is not always economically 


pernussible with boiler systems ot 


moderate-to-lower operating pressures. Limited heater 
storage ind’ pertodie surges feedwater demand 


allow 


Spree 


oxvgen and carbon dioxide to 


Graphs A 


show their degree of discharge under various conditions 


can considerable 


escape mechameal removal and B, Fig. 6 


In any cause, the water temperature should never be 


| 


svstem could be 


permitted to drop below Otherwise corrosion 


in the feedwater quite severe and. thi 
ensuing che nical correction costly as well 


Package 


only a 


issembhes are often provided with 
tank 
function as an open heater. It must first be adequately 
Phen it 


extending 


borer 


receiving umit should be made to 
have a perforated 
bottom of the 


inte the 


vented should pipe ar 
tank 


under 


over the 
jetted 


rangement 


through which steam 1s water 


thermostatic control 
will be at its 


where thi 
Hy re 


the returns of its redissolved 


Corrosion worst im systems 


condensate is returned directly to the boiler 
there 1s no chance to tree 
ases Po those are added still more oxvgen and carbon 
choxide expelled from tresh makeup water entering the 
that around the 


mcreasing 


boiler Result 1s these evele 


Yuascs 


system i concentration, bringing serous 


consequences to the returns pipig and the boiler itself 
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Correctives 


Use of soda ash should be avoided or greatly mim 


mized, whether it be for external softening or internal 


correction. Soda is chemically sodium carbonate, which 
easily decomposes with heat to yield carbon choxide, 
ads such Las 1s already 


later 


Inasmuch 
its alkalinity 


down to furmish more, it 1s superfluous to add another ot 


Reaction 5, Fig. | 


dissolved in raw water and breaks 


this gas-producing chennucal 
Water 


an CCOMOMMZCT 


from an exchange softener can badlv. corrode 
safeguarded by 
feeding dilute caust« the heater 
effluent. [ts pH should be maintained at S.4 or better, 
iW tolerable the 


carbon dioxide and induces the 


This umt could be 


soda continuously to 
renders imactive 


Caustic 


Reaction 6, Fig. 1, 
carbonate film as 
Reaction S, Fig. | \n 
trickle ot 
system 


residual hardness to lay down some 


protection against oxygen, 


alternate method is to recirculate a boiler 
water bled 
Either must be closely controlled lest: the 
too alkaline 


avert 


from the continuous blowdown 


borer be made 
and excessive blowdown then be required to 


foaming or carrvover Phis becomes all the more 
difficult at higher boiler pressures 

Some plastic paints provide iron with good corrosion 
protection for cold or warm water Par-base paints 
A newly installed 
receiving tank should be coated with such paint. And 
badly latter 


must be wire-brushed down to bare metal for this paimt to 


prove more durable for boiling water 


likewise, too, a pitted boiler drum Phe 
idhere lasting], 
Zine rods are 
to divert oxygen attack onto themselves 
takes precedence in displacing hydrogen ton from 
Fig. 2.) Zine umtes with the hydroxyl 
insoluble 


sometimes suspended in the boiler water 


and away trom 


Iron is clectrochenncally more active than iron 
hence 
the ronized water 
form hvdroxide Dissolved 


wns to ZINC 


wholly at removing the protective 
lig. Water loses its 
zine lasts 

conditions, 
fully 
promptly replaced, thre 
Moreover, thi 
low pressures and = tor 
with boiler 


ronally cmploved low boilers 


oxvgen then works 


hvdrogen from the zine surtace 
long as the 


operating 


appetite for iron as However 


under variant borler becom 


pure guess as to when these rods are consumed 


Should 


be victimized mstead 


thev not be boiler iron 
scheme 


mall 


May 


effective only at) fairly 


whole bodies of water uch as 


Chromates are oc but 
they rightfully 
the latter 


surlace 


belong im cooling water systems In 


uch chenneal the iron 
thes 


nder the more severe boiler condition 


progress on, producing an extremely hard coating 


greatly impedes heat transfer and curtail the metal 
endurance 


olved 


form, 


\ 
sulfite It 
sulfate 


Cxes 


oxveen to convert mteo 
wtion Big. | 


boiler 


absorbs di 
oluble 
ulfite am the 


another 
Water, OXVYCH 
rendered before thi 
sulfite 
fed continuously to the heater’s storage compartment o1 


at the While this 


react below- boiling 


of mecomimy tecdwater 1 


gas can be released \ sodium olution could be 


feedwater pump corrective doesn t 


mstantaneously at temperature 
mitermedimte line where 
boiler Sultited 


a dual funetion when 


such feed helps safeguard 


these units are some distance trom the 


sludge-coagulating organics serve 
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incorporated with the phosphates of bolder water treat 
ment 

About 10 ppm of sodium sulfite are needed tor every 
With leacration, thr 
rise in dissolved salts is ordinarily tolerable for 
Higher 
proportionally lower boiler water solids, so also a de 
Whereas a residual of SO ppm ts 


) 


ppm of oxygen good cCHhsuiny 


borer 
pressures up to psi pressures require 
creasing sulfite reserve. 
carried 
sulfite 


there 1s 


permissible below psi, only ppm dare be 


Fable I 


Besides blowdown consideration 


above pst shows recommended 


low 
the fact that some sulfite tends to decompose at high 
Sulfur discharged 


dissolves the 


limits 


pressures Reaction dhoxide 1s 


which later condensate to 


Hats 
sulflurous acid, Reaction 11 It increases the acidity and 
the 


sitates closer control with rising boiler pressures 


COTTOSIVEHESS Of returns Phercetore sulfite meces 


Hvydrazine is a new but effective oxvgen-corrective 
It consumes dissolved oxygen to become totally decom 
posed, producing water and imert mitrogen gas, Reaction 
12, Fig. | Phere 
that must be 


from only 0 


salts ave a Uny 
Phis sheuld 
down to 0.02 ppm with mounting borler 
Fable I 
appreciable surplus under 
plete 
liberate ammonia gas as well 


results no added 


residue range 


pressures, see Hivdrazine cant exist any 


conditions 


oxidation causes it) to further break down and 


Reaction 15, Pig. | Such 


W 


tendenes with rising 
little 


brings dezinetfication of non -lerrous 


HICTCUSES Lomi perature 


ammonia iS beneficial tor the returns, an 


metals and prockup 


of objectionable copper 
Hyadrazine action om oxveen is considerably slower 
sultite 


OxXVyen require 


lower Lomiperature 
out 
demand of 
Phi thi 
suited for operating pressure 
the 


especially the 
s only an equal part of hydrazine 
the latter's casy decomposition and costline 
exacting control 


it limited use and an 


corrective is better 
near-absolute deacrationm is customary 

elevated 
hvdrazine generally 
and cost \ sate hy 


\Iso 


where 


boiler water 
iiltite 


lori 


favorable 
Here 


both on 


Hore 
equal to 
drated 


prevall 
of hvdrazine can be fed am solution 
either thr 
ulfite, the 
bvadrazine 


ifter- heater vstem or the 


boiler water is readily te 


lor re 
With proper deacration and chenneal correction 
water 


oxveen can be imsured tor thre 


ittauck 1s thereby prevented the beer and return 


corrosion be reduced as as per cent 


whether additional tling carbon 


justifiable If so, thy 


olatile neutralizing or 


1 head 
with 


un Whole, leavin 


ire organs that are 
Phey 
no imereased 
o with simpler ammonia produc ilt 


On «ch 


iporize with the 


boiler water solid uch as otherwise 


wines are easier regulated and not as damagi 


Olving am the condensate 


wine Combines with acid to 


oluble 


wy to 


neutralizing 
Require 


Whay 


product keeaction | 


ments for these per 


ther 
md 


expel unwanted amount 


of carbon pil 


between apt to decompose wid 


ol va heretore 


control relies on attaming the particular Most 
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PAKLE I KECOMMENDEDRESIDUAT ULFITh AND HYDRAZINI 
RESP! 1 POTOTAL ANDI! OLVEDSOLIDS FOR INCREA 
ING BOILER PRI 
OO To 150 To t0® Te 750 100 To 1000 


effective pH while yet restrammmg tts) tree ammonia 

Cost for neutralizing a ligh carbon-dioxide return 1s 
often prohibitive \ mine t recoverable, but lost 
on evaporation at the heater \ir seepage in the con 
densate defeats their purpose. More amine is consumed 
ior the infiltrating carbon dioxide \lcanwhile, 1ts 
COT ides return lines unattended 
is such amines have no effect upon this gas Filming 
could be employed imstead Phese tend to coat 
the condensate tem with a water-repelling film. 
Because this lining is seldom uniform or unbroken 

irving degrees of protection, up to «0 per cent, are 


in clectrome computer 
the 


thr 
tem to be 


contract lor 
the heart ol 


Plicement ot 


control sy first completely 


mitomatic cleetru power generating tation was recently 
uinotuneed It was awarded to Daystrom Systems, La 
Jolla, Caht i division of Daystrom, Incorporated, by 
Service ultiny enyinecrs acting as 

wents for Louisiana Power & Light Company 
Phe electronic control system, which will make pos 
thle full automation, meorporates a solid-state, general 
digital computer to be stalled at the new 


MS OOOKW Little Gypsy Station now under construc 
New Orleans 

benetits 


Phe new control 
Louisiana Power & Light Company's Sterlington Station 
a Daystrom solid-state operational 


Irom experience pare dat 


where, it 1s reported 


information svstem contamimg some 1000 transistors and 


diodes has 


dngle component failure for almost one year 


7000 been im successful service without a 


Vu romMatric START-UP AND SHUT-DOWN 


Phe computer will control start-up and shutdown ot 


the Station, with 4 hours required tor start-up Phe 
plant will also go off the line mimediate ly upon pushing 
the shutdown button Phe start-up operation for a 


large generating unit according to Daystrom’s general 


manager, C. KE. Jones, must be conditionally and sequen 
tially controlled 
typical start-up or shutdown 

It wall be the 


back or skip ahead to any other operational step 


mvolves about SOO steps moa 


ind at 
turn 
Phe 
system will monitor a large number of selected mput sig 
ternative routes which 


possible to mstruct computer to 


tals continuously, and formulate 
could not be found using only conventional mechanical 
timers, sequential cams, and sensing relays 


Phere 


actuation 


ipproximately 
the 
computer 


are (OO pomts of mspection 
imvolved im power station 
this size air all on-off 


pomts and position indicators between each of some SOO 


Starting of a 
will sean and verity 
total steps involved im starting or stopping the plant 
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First Fully Automated 


obtainable 
pH offers no control. 
vital points to check that adequate amine build-up ts 


Since they hardly react with carbon dioxide 
Test pieces must be inserted at 


developing where most needed. 
Acidification 


When the steam’s carbon dioxide ts persistently heavy 
it will invariably emanate from excessive boiler water 
alkalinities. This turn from too high 
an initial alkalinity in the makeup water. Acid treat 
ment of the feedwater then becomes necessary Sulfurte 
a precalculated amount of this 


may, stem 


acid 1s used to convert 
water's sodium bicarbonate into carbonic acid, Reaction 
1D, Fig. | \eration should follow to better expel 
most of the loosely held carbon dioxide prior to deaera 
Care must be exercised that the resulting sulfates 
ean be sately the Svstems 


effecting partial complete demineralization present 


tion 


sustained in boiler water 


no such problem 


Electric Power Plant 


Th procedures for hot or cold start up, lor complete 
shutdown, and for temporary shutdown and banking the 
boiler will be provided as automatic tunctions 
Phe automatic control system will perform all opera 
intervention Manual operation 


tions without human 


will be required only in the event of am Ufunetion 


\uTroMATIC PLANT CONTROI 


When the computer puts the station on the line it 
automatically reprograms itself and goes mto operational 
moc It runs the plant, operating these major control 


k 


combustion control 
steam temperature control 
» feedwater control 

} spray control (overriding steam temperature con 


trol -a safetv feature) 


Phe installation includes a fuel safety and purge sys 


tem. Upon any indication of an explosive mixture 1m 
the boiler, gas is shut off instantaneously and the boiler 
is purged with air Necessary shutdown procedures are 
instigated immediately 

Phe computer continues to scan all inputs tor over or 
If such is found and cannot be 


alarms 


under-lmit operation 
corrected by the 
special print-out tell the operator exactly which point 
and how far it 1s off limits 

Every hour the computer does all computations on com 


system, visual, audibl and 


ponent efficiencies and overall eficieney, and measures 


pomts of the system. All data are auto 
matically logged information and intormation 
about any point in the system can be obtained upon 


The « omputer 
but 


demand by the operator at any time 
takes less than one second to do the calculations 
five minutes to log the data because of the mechanical 


lag of the ty pewriter. 
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austenitic steels used in the new 


Fable IT] Based on the 


nickel steels 


HE tour 


power plant are 


types ol 
listed in 
chrome 


these 


known types 


well 
have been modified by reducing the Cr-content and im 
Ni-content 1m 


embrittlement 


order to exclude as far as 


through the 


creasing the 


possible the phase 


sigma 
during continuous operation at high temperatures 

\ total of approximately 209 tons of austenitic mate 
rial was used in the plant with 65 per cent being utilized 
cent im the steam 
system and the 2000 
Fable IV The 


of this material 


in the steam generator and 30° pet 


piping for the 4250 psig primary 
first shown in 


reheat system, as 


steam turbines use comparatively 
due to their particular design 
The bulk of the austenitic material is made up of the 
two types having good welding qualities, XS Cr Ni Nb 
16 13 and XS Cr Ni Mo V Nb 1615. Certain parts in 
the topping turbine not requiring welding, were made ot 
XS Cr Ni Mo B Nb 1615. This steel contaming 
boron im quantities which made it impossible to obtaim 
acceptable welds, has the highest creep-rupture strength 
of all type 16 15 steels 
considerably increased through warm and cold working. 
The tvpe XS Cr Ni Mo V Nb 16 15 steel may be im 
proved in its creep rupture strength by precipitation 
is considerably above that 
of the simple XS Cr Ni Nb 16 13 
This effect Huels plant. Only 
particular steel in its heat-treated condition allowed the 


typ 


its rupture strength was even 


which 
13 steel 


was utilized at the 


hardening to a level 
type 
this 


use of a 4250 psig operating pressure at metal tempera 


tures up to 1LISo F Pests established that steels with 


vanadium content were subject to considerable scaling at 


temperatures beyond 1185 F and the heating surfaces 


were therefore distributed in the steam generator im a 


FABLE III COMPILATIO Ol Al PENTEL USED 
POWER PLANT HUEI 
it 
cation Cz 1 \ 
1 Ol ( 4 
Nb 161 


in specification NSCrNiMoBNh If le 
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By Dr. Ing. G. NOETZLIN, VDi 
and Dipl. Ing. A. ENGL, Marl 


First European Supercritical Power Plant: 
Design and Experience—Part Il 


ement known in 


manner Which avoided a higher wall temperature tor any 
tube under normal operating condition 
generator 


\ustemitic steel is utilized in the steam 


at tube wall temperatures beginning at 950 
is due to the combination of high pressure and high tem 
perature which requires heavy wall thickness. ‘The 
relationship of these wall thicknesses to the tube diam 
eter makes thermal stresses a factor to be seriously con 


sidered. Use of Ingher quality steel quite often allowed 
thinner walls and thereby achieved a cost advantage 
even though the Iigher quality steel had a higher unt 


weight price 


Phese considerations were valid not only mi locatiny 
the transition from surfaces with ferntic tubing to such 
with austemtic tubing, but also for the selection of the 


basic 16 1 Cr-Na-steel vs. thr steel XS C1 
Ni Mo 16 105. ‘This reasonmg prompted the use 
of XS Cr Ni MoV Nb 16.15 for all tubing 
In the temperature range 


hardening 


md header il 


temperatures beyond 1030 


between YSO F and 1030 of the higher quality steel 
was also of advant we tor heavier md header 
For tubing in this temperature range, however, use wa 


made of both grades of the 16 13 type steel 
\ telling example of these consideration 
first reheater to the con 


outsicl 


are the two 
reheat steam lines trom the 
turbine For an diameter of 
heat treated 


densimg 
grade of 16 

Ii these 
teel, therr cost would have 


use of the teel required a 


wall thickness had been mide 
grade of 1615 
ol thre 

All parts were heat treated at thr according to 
the nulls’ own specifications. Parts tecl XS 
Cr Ni Mo V Nb 16.15 were subjeeted to tor five 


hours It after cold working o1 


from the 
for a heavier wall 


mull 


miade ot 


mcreased because requircmicit 


welding of this grade a 
a repeat precipitation lardenmg wa 
ited locally to 
itiient wa 
that tha 


untavorable 


anneahng or 
suitable thre 
» hours at 


stres 
consid read Were hie 
1470 I lor | 


cepted by the mills because test 


irt 
Host Phas tre 
had 


produce any 


shown 


type of heating did not vet 


changes im structure Phis decision was of considerable 


it would have been extremely 


practs al portance 


Kraft BWI \ dotober » 4 tran 
Ing. W. W. Schroedter, t i | 


sted fram the Germar Dip! 


=) 
Pes 
; 
‘ 
a 
HL 
gis 
vik 
16 
K&CrNi oF 01 x ( o4 
MoVNb to te | 
na of two papers presente it the a Piet. 
NSCrNi 0. OF 0.05 der Gat kesselbesitzer ition of Pov ry 
in Bremen Part | appeared in Comme farch 47 
Nb (Niobium) is the symbol used in b-urope for the nye 
the Anglo-Saxon countries as Columbium, Ch net ies 4 
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Fig. 6—Boiler tubes damaged by alkaline infiltration—Left: 
tube from experimental boiler. 


tube from 
power plant boiler, Right: 


pecially on the job site, to a tem 


ietly 
outsicle 


ditheult « 
perature ob ex 
melding 
the bend Connecting 
were hot bent 
of the six 1250) posi 


SOF over five hours 


from | m. to and 
heat 
chiameters 


The 


with 


diameter 
cold bent 
pup 

ubsequent 


with 


were without treating 


with larger 
with bends 
primary steam lines 
from the hardening 
formed at LIVO within a 
bend li 


required, it 


and O.S66om. wall thicknes 


16 155 steel were 


hour tor each a Iigher forming 
had 


sary to anneal the bent pipe sections with consider 
ol the 


Cod cone 


temperature heen would have been 


ible 


SIZE 


ditheultres mvolved the operation because 


und weight 


Welding Procedures and Post Heat Treatment 


filler 


Mispeclion svs 


\ special 
rials 


election ol welding procedures 


md welders as well as am extensive 
reponusible tor satistactory welding of au 


il cle Weld se 
cannot be « Kpeeted to be completely tree 


ten were 


materi 


of 13 steel 


found to 
the filler 
found to be equally 


Which even mi ee 
trouble 
root pass In 


ol erack \liero crack 


we Will not lead to any seriou wert 


exist especrally the electing 


materials not every charge wa 


hactory Cracks m the seams of multi-laver weldments 
were most thoroughly climimated a every pass was 
mnoothly ground and checked with a maguitving glass 

In veneral backing rings were used for the root pass 
Phese backing rings consisted of ferritic steel tor all 
austemtic tubes and pape Phey were removed trom 
the finshed svstem by acid washing, which dissolved the 


generate 
first stuge reheater 


Steaua piping \SCrNiMoV Nb 
fern 
Hoo 
POU) VS Cr NiMoNb 
SCrNiMoV 
1615 
Condensing turbine CrNiMoV Slight 


(ew psig 
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Fig. 8—Cracks by stress corrosion of the sharp bare edge of a welded vent 


= 


Fig. 7—Injection Desuperheater |. (a) Steam entering (b) Steam leaving 


(c) Water injection (d) Nozzle (e) Liner (f) Clamped connection. 


ferrmite but did not attack the austenite Segmented 
copper rings were used for the steam piping Phese 
ngs the root weld by damming the inert gas 


and at the mauintamed the mside area at an 
acceptable level 

Phe 
process and to the headers by metal are. 
of link piping with 
electric welding for all other passes 


throughout 


Same time 


welded to each other by the 
Phe 
followed by 


tubes were argon-are 


revolt pass 
was welded argon -are 


Phe 


Phe use ot 


Steam pipes 


were welded clectrically ert 
gas on the mside during clectric welding of the root pass 
proved to be of advantage especially Wit Was necessary 
to make an exception and weld without backing rings 

It was carefully considered whether cold worked and 
welded parts should not be annealed in order to safely 


avoid the danger of stress corrosion which always threat 


ens austenitic steels. In this respect a post heat treat 
ment would have certainly been an advantage How 
ever, after comparing the considerable cost of annealing 


to the possible suecess which must always be considered 


rards to austemtic material, it was deeded 


im re 


to anneal only the weld seams and cold worked bends of 


the heavy wall piping as well as the welds in the headers 


made of the hardening grade 16° 13 steel Phe basie 16 
1} steel was heated to 1650 F for one hour Phe harden 
ing grade of 16 13 steel was treated to a heat of 1170 ik 
for one hour 

Phe decision to forego any extensive heat treatment 


was all the more acceptable because the feedwater was 


to be demineralized to an extent which reduced its elec 


tric conductivity to less than O45 uS 


experiences to 
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Fig. 9—Test weld in tube assembly section with stress corrosion at the 
abrupt change of cross-sectional material. 
g. 10—Tube section with welded support lug and stress corrosion at 
the weld seam. 


Fi 


date indicate that stress corrosion 1s not to be expected 


with water of such purity 


Damages 


Ii by a malfunetion feedwater with higher salt con 
centration 1s allowed to enter the steam generator, stress 
corrosion is bound to oecur. The imtensity of the dam 
wes by cracking will differ according to how tar any 
heat treatinent was able to remove stresses 

Phe imfiltration of hydroxide imto the feed 
water alter S000 hours of operation demonstrated this 
sumption. In addition to the damages deseribed 
earlier, a careful examination also revealed cracks which 
had not vet Jed to tube failures Phe salt had pene 
trated the protective tube laver and cracking by stress 
corrosion followed very quickly Phe influence of thi 
Chions contamed in the alkaline solution, on the mic 
the corrosion was not determined 

Phe entical area for depositing was situated iam the 
two sidewalls of the second gas puss Phe heaviest 
damage was therefore sustamed im that area with crack 
in weld seams only No cracks were found on cold 


formed bends \ corroded weld seam trom a sidewall 


ing 
tube is compared in Fig. 6, with one from the test borer 
\ number of connecting tubes with 2 in, OD 


ustamed very fine cracks due to stress corrosion mi the 


cold formed bends Phe cracks already penetrated thr 


full wall thiekness of O.236 in. to im. although 


they were only a few miches long Phe damages due to 


Fig. 11—Cracks due to thermal shock at the nozzle head of an injection 
desuperheater. Left: View of nozzle head (nozzle removed) with 
cracks in ligaments between nozzle openings. Right: Close up view 
of torn ligament. 
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Stress corrosion were also serious in the maxing pipe see 
tions of the injection stage I, as shown im Pig. 4 Both 
injection heads strangely cnough remaimed imtact 
mixing sections, however, with the exception of those 
parts covered by the myection nozzles and liners, were 
damaged Phe stres COTFOSION Was Cs] ecually trong 
wherever there were sharp edges of borings or at abrupt 
of cross-sectional area. Characteristic views of such 
damages are shownin Figs. S through LO 

Other operational damages to austemitie parts are ian 
portant m regards to evaluation of them service me thre 
power plant Phe high sensitivity of the austenite 
waist thermal shock was demonstrated by the rupture 
im two injection desuperhentes Cracks ce 
veloped within a short time im the nozzle head at the 
ligaments between the threaded borings tor the water 
mijection nozzles as shown in Big. Desuperheater 
from austemtic maternal always appear to present a 
dithieult problem, especially with large water 

Small tubes welded to headers, Fig. 12, were subject 
to cvelie bending stresses due to a back and forth move 
tore olf after 7500 hours of operation din 


failure emphasizes that wherever possible, miypples wath 
gradual change of cro ectional area should be used 
to Jom thin tubes to heavy walled leader I) the than 
tubes are welded direethly to the header, the weld) seam 
hould at least be concave and noteh effect rvoided 

| Xperience to date madicate that materials themselye 
do not offer any serious difficulties to power plant opera 
tion with superentical pressure It as, however Cry 
to give sufficient attention to the speed qual 
ities of the materials used during the design as well a 


during erection and later operation 


Fig. 12—Thin walled tubing welded to a heavy header and cut at base 
of the weld showing circumferential cracking 
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tittes 


You can wring more energy out of a dollar’s worth of 


fuel when vou are getting optimum performance from 


your steam plant equipment. You get peak perform. 


ance when Batley Vieters and Controls are on the 


Bailey is the choice of virtually all the most eflicient 


plants on the Federal Power Commission's heat rate 


report. why: 


1. Complete Line of Equipment 


You can be sure a Bailey engineer will offer the righi 


combination of equipment to fit your needs. Bailey 


manufactures a complete line of standard, compatible 


pneumatic and electric metering and control equip- 


ment that has proved itself. Thousands of successful 


installations involving problems measurement, 


1025 IVANHOE ROAD ° 


instruments and controls for power and process 


BAILEY METER COMPANY 


in Canada — Bailey Meter Company Limited, Montreal 


This Bailey Control System helps cut fuel costs on a 70,000 Ib per hr capacity 125 psi boiler in an industrial 


plant. Control drive in foreground regulates stoker. 


How Bailey stretches 
your fuel dollar... 


combustion. and automatic control are your assur 


ance of the best possible system, 


2. Experience 


bailey Engineers have been making steam plants 
work more eflicienth) for more than forty years. 
Veteran engineer and young engineer alike. the men 
who represent Bailey. are storehouses of Knowledge 
on measurement and control. They are up-to-the- 
minute on the latest developments that can be 


applied to your problem. 


3. Sales and Service Convenient to You 
There's a Bailey Distriet Office or Resident Engineer 
close to vou. ¢ ‘heck your phone book for expert engi- 


neering controlon your steam plant control problems. 
AI32-1 


CLEVELAND 10, OHIO 


April 19599—-C OMBUSTION 


f 
| 
56 


Fig. 1—Test stand arrangement 
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The needs to exploit and apply formerly marginal 
fuels to keep up with energy growth exists the world 
around. Here is a Russian experiment on slag-tap 


firing of a Donets Basin coal 


Testing an Air-Cooled Slag-Tap Vertical 


Combustion 


Chamber 


By L. A. BOGDANOV? and B. D. KATZNELSON} 


COMPARATIVELYS 
have Lp 


large number of articles 


ired in recent: vears on the perform 


velone combustion chambers 


mstalled with various size steam boilers 
In this type of installation the use of a large quantity 
went tor the evelone combustion 


of water as a cooling 


walls is undesirable In the first place the combustion 
chamber in which the powdered coal burns operates on 
an open evel 
in that 
high pressures 

This 
and the 
under 


Phe 


evelom 


Phese installations are further peculiar 


they require the burning of the fuel under very 


article presents thr 
ults of 


constructional peculmaritt 


ttm abs and using powdered coal 


test re i special stand, working 


a pressure ol 
chamber, Fig. 2, is a slag 
outlet 
incl 


combustion tap, vertical 


chamber with a gas at the lower portion, 


shown as in’ Fig with the fire walls air 


cooled. Water for cooling was employed only on the 
outlet 
burning of the powdered coal takes place im thr 
evlindrical Phe heated which im 


quantity 1s 90 per cent of all the air used tor combustion 


combustion chamber root and at the ga 


vertical 


Space secondary 


is forced at a high velocity through the tangential slots 


of the upper portion of the evlindrical space, identified 


as “9 an Fig. 2.) The powdered coal is fed with a small 


amount of the primary air (around 10 per cent of the total 


air used for combustion) through six powdered coal 
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duets im the furnace crown around the permphery, ments 
ind the wall ot the 
cooled by tertiary air, “10 
iter the 
\iter 
enters the 
immediately below thre 
with thre 
lowers the exit’ gas tenmiperature 
TOW 
inal blower 


fied as in Pag rool 


bustion chamber 1 bay 


which im quantity 1s several times gre uti 


ol the econdary and primary ay cooling the 


combustion chamber this tertiary au 


or nuxing Chamber, “Gm Pig 


furnace gas outlet, where 


bustion products and 
to an operating level 

An OK S00 
enters thre temperature ol 
By controlling thre 
ur Which serves a 


upphes the tresh air which 


blower ata ipproxmiatel 


quantity. of tha 


a transport medium tor the coal the 


powdered coal consumption can be limited to col ky lit 
it’ the \ portion of this tot 
by thre 
to 390 the air preheater pretured a 
O00 253,000 ke In 
led to the 


combustion chamber 


ke lr for use a ecomndary am. prehe ited 


exhaust gas up to temperatures ranging Prom 500 


Phe remaminy ol aut 


ind tertiary needs 1 combustion chamber 
without preheating 
antes 


Phe chamber has three cas outer 


hie 


form of aevindneal contamer with a forged bottom 


outer as made from carbon 


in the 
mda rool capable of withstanding the miter il pressure 
tricts the 


which thi 


olume through 


mig re 


at external rele 


ill 


carnes the thermal msulation 


Phe casing has extended over its cutire surbace 


ai 
: | = | Bain: 
| 
= 
433 
I 
/ \ nice arrangement for Combustion chamber Ash 
ime dust collector 
/ Ain opreheater il mixture ecomdary ur Dertiat 
ur \ ee arrangement for i ¢ (Jas disehar nto the atmosphere 
* Translated from Issue 1058. of the in pul tien 
Candidate of Centr r-Turbine Institute 
a ine. 
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Fig. 2—Combustion chamber 


ol stud hhe projections arranged ma staggered 


order Phese stud ke torus, more nearly rods, have a 
diameter ob TS with a spacuig of S and 
Phe miner ends project mto the com 
bustron chloumber cdistanee of 2O mun Phey are coy 


ered by a thermal misulation. Phe opposite or outer end 
of the rods proyeet on the outside of the tire walls a di 
tanee ol leo tim and are cooled by the tertiary Thins 
ur take has a speed obo meters 
we Where the exeessive pressure equals 
rods ol carbon steel are held on from the combustion 
wle by heat resistant electrodes Bimetalle rods with 
heat resistant casme tilled wath cuprite, are set im 
the Phey measure man diameter 
md have a ofS Stand S 

\ liquid fuel spraver is located in the chamber root 
When helted it heats up the combustion chamber and 
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the test stand. Electric ares ignite the liquid fuel. At 

the chamber's bottom exit there is an outlet throat, 

100 main diam, “5° in Fig. 2, which permits the gases to 


discharge mto the mixture chamber, “6° in Fig. 2 
Phe discharge or outlet throat is cone-like im appear 
chamber 


combustion 


ince and protrudes up imto the 


bottom edge of the cone 


\ groove cncireles the outside 
and into it the liquid slag runs off from the tire walls 
Phe slag then drains out of the groove into a slag catcher 
hole Phe hole 


300 man and 1s located on one sic 
sluice arrange 


channel through a tapping tapping 
measures 500 min by 
it the the 


ment consisting of two slag hoppers and two valves ts 


bottom -of vertical wall 


used for draming the slag 


\ compartmented drum feeder supplies the 
Phis feeder works from a hopper filled by 


bunker and 


powde read coal 
an auxiliary 


i sluice arrangement mvolving 


two coal valves 


Adjusting the Combustion Chamber and Its Separate 
Elements 


serves to light off the unit and 


When the 


Liquid tuel (petroleum 


to heat up the combustion chamber second 


iry air reaches 150 C the powdered coal is admitted 
Phere is a few seconds elapsed before the transition trom 
oil to a coal tire 1s achieved 


Po obtain a reliable liquid slag removal it was found 
sary to adjust the tapping hole and the slag catcher 
hie hole 


Clots liquid: slag stream 


flowy off from the 


neces 


original design proved 


\ 


Lapping 
thie 
Phese clots caused partial 
slag channel and 
hole itselt \ battle, Fig 
defect at the tapping hol 


irranyvement 
unworkable 
spattering on the walls of the catcher 
led to clogging of thre 
this clogging 


Lp 


Sa, Climmated 


in such a way that a pool GO SO min deep forms im the 
Phe slag clot formations were im 
the same manner Further any slag that spills over the 
baffle breaks off from at and falls into the sluremye water 
not touchmig the walls 

\ bypass of a small amount of gas from the combus 


tion chamber mto a line to warm up the tapping hole was 
effected, ) m the 
baffle in Pig. Sa allowed the maim stream of liquid slag 
to flow out satisfactorily 
till occurred along all the flat walls of the tapping hole 
ud om the form a 
clot 

Precipice oll 


This step plus that ot 
\ sluggish movement of slag 


root wall) and would 
Phe solution 


ill sides 


Phis assumption was proved on a 


on the sides 
solid, 


rele 


overhanging seemed to be a 


with a ind not only on one 


ig. oa 
mall expertmental chamber, Pig. Sb 

In addition to the tapping hole difficulties the original 
design of the slag cateher proved similarly unworkable 


slag clogged im the inclined flow passages under the 
of the water Phe valves in the sluice lines pro 
the the would 
plug up around them \s a corrective measure the slag 
catcher pipe was imstalled vertically and the valves made 


ected runways or guides and slag 


in the shape of a folding plate with a rubber contraction 
Phis arrangement proved its reliability in mieny tests 
Onee a stable operation for liquid slag removal was 
iwhieved the basic combustion chamber operating detects 
stuched hese defects were principally slag tor 
the 


combustion chamber 


wert 
mixing chamber, slag deposition im the 


ur admission slots and a scourmy 


or Washing out of the tire wall refractory coatings 
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Oniginally the mixing chamber was constructed im such 
a way that the tertiary air for cooling the gases down to 
operating temperature cntered through several rows ot 
1O-mm diam holes Phese holes filled up with slag ae 
cumulations and made the mixing chamber imoperative 
About 20 per cent ol the slag leaving the combustion 
chamber departs through the throat outlet together with 
the gases \ portion of this slag flows along the surface 
of the throat outlet in liquid form. Nearing an opening 
through which the relative cool tertiary air is enterimy 
the liquid slag cools becoming sticky and hard and 
thereby forming solid shig de posits This solid de posit 
tends to grow as more slag comes ite contact with it 

The nuxing chamber, then, was altered and took on 
the form shown in Fig. 2 on the basis of results obtamed 
ina specially conducted test this new design the 
tertiary air comes out through several narrow slots di 
rected lengthwise along the mixing chamber wall and 
creates a protective screen agaist slag ce position on the 
walls. A small part of the tertiary air enters the mixing 
chamber through a circular row of round openimgs and 
this flow equalizes the temperature over the cross section 
of the exit gas path. The velocity of the tertiary air in 
the slots and openings equaled something more than 
lo meters sec Phe distance ratio to the width of the 
slots was set at 15:1 

\t the top of the mixing chamber at the throat outlet 
an abrupt imerease in the diameter takes plac 
sures a break im the stream of liquid slag as it dis 
charges from the outlet walls of the throat and provides 
for a cooling of the slag im its flow Phe redesigned 
muxing Chamber has always been found to be clean after 
tests with no slagging evidence even after lengthy tests 

Slag is also deposited at the adiussion pomt of the 


sccoudary air ecutering the combustion chamber It 
proved to be a serious drawback and limited the length 
of unmterrupted operation. [ts occurrenee can be ex 
plained im the followiig way Phe inlet pomt of the 
secondary air across the slots, “O° im Fig. 2, on the tire 
wall is a sigmiticant low temperature area Particles of 


hquid slag moving along the fire walls m that area and 
likewise particles thrown out of the gas stream as a re 
sult of its revolving motion expericnee a lowering of ther 
temperature im the area of the slots to where they lose 
their liquid state and deposit out on the fire walls nears 
the slots. As the deposits build up they tend to partition 
off or channel the path of the secondary air leaving the 
slots Po climinate this deposit) problem tests were 
made on a small capacity chamber and many design 
were tried an the batth 

cup-hke arrangement, Pig. gave cneouraging re 
sults in this test work and it was selected tor operation 
Its esseree consists m the following the cup lke device 
is riveted onto the combustion chamber root and jut 
nto the combustion area formung around an 
OF THY OX Phe preheating and fuel premixing take 
place within the cup with some partial burning possible 
within the cup. Under the conditions within the cup, 
however, the ash fusing temperature is not reached and 
further the crushed coalair mixture stream does net 
conta any parts le ofa size that could stick to the 
cup walls so slag deposits do not oceur there 

A smooth metalle surtace is attached to the vertical 
fire wall of the main combustion chamber from the root 
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Fig. 3—The tapping hole arrangement 


After alleration bole of a small experiment 
4 


Fig. 4—Cup arrangement with annular area 


down a vertical distance of about halt the 
length of the chamber 

Phe cup and ats surrounding aumulir area decreases 
the formation of slay deposits at the secondary milet au 
slots \iter recurrent tests mispeetions of the chamber 
showed but small shag deposits at the edges of the slot 
Phe deposits werghed an all about 395 ke and ther 
growth did not depend upon the length of the test which 
midicated the deposit growth would not linait the duration 
of the test 

\iter the cup liad been mistalled certam changes wer 


observed am the operating result It, prior to the am 


tallation, the combustible content mi the shaw as 
was equal to zero ter mistallation of coked 
crushed coal measurmg up to appeared the 
lay Further, it was observed that) the combustibl 
ined with the vertieal or the 


distanee the cup reached mite the combustion clamber 


content m the shag 


In the first five tests combustible content a the shag 
equaled 10 to 25 per cent \iter the cup hemht wa 
lowered this combustible the dropped te 2 to 
per cent Itanust be kept am mind that mechameal taal 
ures to light off the fire were extremely sriadl and heres 
did not contribute appreciably to the combustible con 
tentan the shag asas shown an Table | 
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CHAMBER 


STION 


| eull | 
ftert 
t 
( 
Secor 
Lest Lat 
The coked ke ippearmng im the slag probably 
form within the cup Phis phenomenon can possibly 
be best demon trated by thie following explanation The 
inular area isolates the cup walls from any reverse 


currents from the central part of the « nmubustion chamber 
\s a result the temperature within the cup has a lower 
than that within the main chamber. Visual 
the peep hole, “4° im Fig. 2, 
howed the conspreuous flame flashes had temperatures 
lp to to L500 ¢ 
tered | toS percent with O 


tomiper 


observations through 
iccordimg to an optical pyrometer 


ready readings according to a gas analysis regis 
it IN to 20 per cent attesting 
Phe low temperatures 


but coke 


to t large, ibexcess air supply 


probably net only delay also cause 


Final conclusion on the operating effects of the cup 
and its ring cannot be made on the basis of the present 


work \lore detailed studies have been planned ill 
cluding those on the selection of the sizes for the cup 
and the annular area within a specially devised small 


expermental eyelone combustion chamber Neverthe 
less it is evident that the use of a cup and its attendant 
annular area im the deseribed space gave positive re sults 
in the fight with slag deposits at the secondary air imilet 
slots 

the 
casing was the subject of a special survey because of the 
design ditheulties for the 
ponent parts which tre together the chamber casing the 
In the combustion 


thermal expansion ot combustion chamber 


this expansion creates com 


exterior and the fire wall surtaces 
chamber the skin casing rests on cantilevers welded to the 
outer walls in the lower section approximately at the tap 
hol level 
toward the top and reaches its maximum growth at the 
top of the casing Pests showed that the transfer of heat 
begins immediately from the time of lighting the liquid 
oceurs when the 


thermal expansion then 1s directed 


fuel Phe greatest heat transter rate 
combustion chamber is operating with a liquid slag re 
\t this rate of heat transfer thermal expansion 
designs of the vertical 


Purbine Institute 


moval 


amounts to mm Further 


evelone chamber at the Central Boiler 
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employed skin casing support points at the top of the 


combustion chamber to eliminate skin casing expansion 
in the area of the slots 


Thermal Characteristics 


The tests of the vertical cyclone combustion chamber 
were carried out with Donets 
[wo lots were obtained sharply differing from each other 
in elemental composition especially as regards the low 


Jasin gaseous coals. 


est ignition poimt, ash content and volatile content 
Phe composition of the first lot of coal was H310 
kg cal kg; 9.63 per cent; 8.35 per cent; 
2.28 per cent; C! per cent, per 
15.52 per cent 
kg 


cent; 


cent; OF + N 9.12 per cent | 
Phe composition of the second lot was Q” 
cal kg; cent; 16.82 
» 2.34 per cent; C O1.09 per cent 
cent; OF + AN 9.00 per cent; | 38.52 
Phe two coal lots differed little in ash fusion temper 
the first lot 
1300 


per 
LIS per 


per 
per cent. 


ature characteristics which for wus: f 
1125-1140 C; 2 1200 C; and 1360 C; 
for thre 1120 % 1190 C; 
15.30 € 

Pable I shows the test results 

Fuel consumption during the tests ranged trom 560 to 
425 kg hr Phe top fuel rate was limited by the amount 
of transport carrying ai for the powdered 
coal feed Phe grindability of the coal equaled k; 
2 to IS per cent The heat release amounted 
10° kg cal m 
heat 


and 


second lot and t 


ail ible 


furnace 
hr and the corresponding cross 
totaled 6.25 K 6.25 X& 10° kg 


to } 
sectional release 


eal ha 
combustion chamber 


The exeess air coetherent the 
employing the system with a reliable liquid slag discharge 
fluctuated within the limits of a 1.1 1.3 


Phe secondary air temperature varied between 500 to 
aah 
Phe 


is, to enter the combustion phase was ¢ stablished accord 


mechanical failure of fuel particles to hght, that 
ing to the fuel contents in the slag and ash collected in 
the ash catcher and in the ash earried off with the gas. 
It was shown earlier that unburned fuel particles ap 
peared in the slag after the cup arrangement had been 
installed Phe relation of the fuel content in the liquid 


slag to the grindability of the raw coal is shown in Fig 
y Phis fuel content registered its minimum value when 
1O per cent 

In general, however, the fuel content im the slag does 


net run high and measures from 2 to 4 per cent Phe 
fuel content in the ash carry-off and in the ash collected 
by the ash collector totaled 4 to 10 per cent By deter 
mining the fuel content, Q, im the slag the percentage ol 
enter combustion 
Phe dependence 


failure to 
per ce nt 
shows that the least 


fuel loss from mechanical 
was found to not 
of the value of QO, on Ro; (Fig. 6 
loss and hence the best value for mechanical failure to 


velocity 


exceed | 


enter combustion occurs when the 7; 
Fluctuations in the secondary air from the 
slots of from 130 to 65 meters see had no practical effect 
upon the magnitude of the combustible loss in the slag 
Phe coeflicient of ash removal in the slag varied from 
0.7 to 0.0 while burning gaseous coal The most rel 
able data was obtained in Test 4 which lasted the longest, 


14 hr Phe removal coefficient in this test along the six 
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rks! 
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tin pliere pre re 
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F 


Fuel content 
in licuid 


Unburned carbon 
in liquid slag 


Ash removal coeft'. 
across 6 sluices 


Ros 


25 40 40 


Grindapility ot raw coal 


Fig. 5—The relationship of the fuel content 
of unburned carbon in the liquid slag on the 
grindability of raw coal 


For the 
rest of the tests the ash removal coeflicient of the slag 
did not drop basically below SO per cent, Table I All 
the tests in Table I were conducted with the combustion 


sluices was steady at about SO per cent, Fig. 7 


chamber operating along with the slag catcher. The 
content of the suspended particles in the gas stream 
leaving the slag catcher equaled 0.013 to O.146 gr kg 
Of these gas-borne particles | to 3 per cent were more 
than 20 microns which 1s, according to available data, 
acceptable for gas turbine operation 

There was no chennecal failure to light beyond the 
nuxing chamber \ traverse of the gas analyses overt 
the cross section of the chamber, Fig. S, showed that at 
the nnuddle mispection hole situated at the level of the 
secondary air slots the CO. content, Fig. Sa, gradually 
increases from the wall to the center and reaches 16 pet 
cent In the center the CO. value falls somewhat 
The presence of CO was noticeable 

A similar traverse sampling of the gas at the level of 
inspection hole No. o recessed away from the secondary 
air slots showed, Fig. Sb, an almost uniform reading of 
CO. lL} to lo percent. A small COs content drop at 
the edges and in the center was observed and the CO 
content totaled up to 2 per cent here. In the lower in 
Spection hole, Sc, the traverse of gas analyses in this test 
showed a nearly even percentage of COs across the entire 
chamber diameter and attained values of 15 per cent and 
higher with only traces of CO observed. On the graph 
right, Fig. Sd, the gas analyses plotted were sampled 
from behind the mixing chamber and were taken across 
the diameter of the gas path. It can be seen from these 
samples that the chemical failure to light was totally 
non-existent 

The heat absorption of the chamber’s walls is an im 
portant property Its magnitude determines the air 
cooling design for the chamber. The chamber wall draws 
its heat mainly from the radiation of the jet flame. To 
guarantee admissible temperatures on the chamber walls 
and the fire-side ends of the rods an adequate heat trans 
fer must be established on the air-cooled side of the 
rods Phe specific heat absorption of the wall’s surface 
is characterized by a large unevenness across individual 
sections resulting from the means of heat supply within 
the chamber \n uneven thickness of the slagging 
laver, for imstance, de velops basically from the one sided 
periphery feeding of the secondary air, Fig. 2, through 
slots as well as from an uneven distribution of cooling 
tertiary air around the outside periphery of the com 
bustion chamber 

In the conducted tests a mean value for the specifi 
heat absorption of the furnace surfaces cooled by air 
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Fig. 6—The dependence of q, on the grinding fineness 


Ars ws a 
a 
Time - hours 


Grinding fineness 


Fig. 7—The dependence of the slag catcher 
coefficient on the individual sluices during test 4 


was obtained Pable I] shows that this value fluctuated 
from 59 10° to 100 & 10% kg eal hr 

Phe effeet of time upon the specific heat absorption 
was Observed for Test Pable and has been plotted 
in Fig. It shows but little variation and fluctuates 
around LOO & 10° kg cal 

Phe merease im percentage ol total heat absorbed by 
the furnace wall (14 to 16 per cent) in the tests shown 
in Pable I] is explamed by the fact that the combustion 
chamber exit gas throat and cup outlet with its water 
cooling was added during the tests Phis heat amounted 
to dtoo percent 

Phe manutacturing technique for heat transfer 
rial used in the chamber did not work out satisfactorily 
because of the uneven temperature conditions at- thre 
furnace chamber exit as judged by the Boltzman cr 
terion 4 
ber operates area of a high value 09 where 
affects the By, criteria \s a result the heat) transter 
matenal was manufactured by a different method than 


This comes about because the cham 


usual wherein the specific heat absorption is considered 
to bea part ol the absolute radiation of the ferme sub 
stance under an adiabatic temperature m the chamber 


qa 
y ferrous 
where g at specific heat absorption of the furnace 


chamber wall, kg cal im?’ hr. and g ferrous absolute 
radiation of the ferrous furnace chamber material under 
an adiabatic temperature im the chamber, kg cal m* tt 


It can be written 
ely 


TABLE t1--HEAT PERCEPTIO OF THE COMBUSTIO 
CHAMBER WALI 


pec of t inf 
il / 4 | 
14 
1 11 Iperature 
) 
/ 
rout 


| 
| 
| 
| | 
4 
| 
a 
61 


Distance from Wa]] 


coctherent of the absolute radiation ot 
the ferrous material 


wt , deg 


temperature im the flan 


J achabaty \diabatie temperature at the chamber 
calculated 

cess air, deg K 
blackness of the 


exil under actual ex 


degree ol fuel rach 


ition 


cocthorent of effective tire surtiace 


ely / 
whabatic we lave 


tly 


licre 3 och thi etlective temperature 


«le 


ber ter be 


depends on the CXCESS Ul 
similar choubers can 
No suflicrently reliabl 


ellective tire 


ree ot blacknes e, lor 
in equal unit 
chats hoor the coctherernt 
the 
on furnace chambers with liquid shag 


Surliace 


tues especially for evelone chambers 
of test result 
il fer 


4s 


beast 


boiler units the expression 0.03 
equals slag tustom temper 
the 
this graph and knowing 


A and after that 


proposed where 


iture, ¢ From equation (9) 


a iS presented 


the value of Y and e, we can determine 
the size ob the 
hie 


clamber 4 


pecitie heat absorption 


econudary and tertiary resistance of the 


in important characteristic ot the combus 


tron chamber the eHicieney of the gas turbine 


Spec. heat 2%, 
absorption 
Ke. cal. | 
per m*/hr 


Excess Air - per cent 


Fig. 9—Dependence of the specific heat absorption of the fire wall surface 
on the time in test 4 


“a 


400 
Distance from Wall 


600 


Fig. 8—Gas analysis traverse along chamber diameter 
In the moddle ‘ 4 In the 


c In the lower in 


middle imspec 
After the mixing ch 


The secondary air resistance coctlicient within the 
chamber referred to the dynamic air pressure in the slots 
discharge cross section proved to be equal to ¢, O.7S 
Phe area of the slot opening totaled from O.6S to 12.5 
cent of the 
The 


dynam 


diametrical cross-section area 
to the 
the imter rod area 


per chamber 


tertiary air resistance coetlicrent referred 
of the 
proved to equal to 

Phe total 
totaled SOO mim of the water column and the 


300 main of the 


tertiary 


pressure 


secondary air resistance of the chamber 
tertiary ai 


cid not exceed water column 


Conclusions 


| Phe chamber operated steadily with the liquid slag 
remover under 
300 C 


excess air totaling up to 1.5 and ¢ 


Losses due to chemical failure to light, g., 1m all 


the tests were equal to zero. Losses due to mechanical 
failure to light, dy for Donets YUSCOUS ¢ oal did not exceed 
and the 


smallest when 7 


| per cent \ relation between grindabilits 


was observed with the 1 per cent 
» Phe slag catcher coctherent equalled ~ SO per cent 
!. The heat absorption of the fire wall surface was 

distinguished by its) significant unevenness along the 

thee Phe 

specrll heat absorption of the fire wall surface cooled by 

>& 10% to 100 & 10% kg cal m* hr 

to the 


~SO0O mim of the water column 


periphery elevation of the chamber mean 
ur totaled 5. 
Lhe 


totaled 


chamber resistances secondary air flow 
Phe resistances 
coetlicient referred to the dyvuanne pressure of the second 
ary air im the slots discharge 
to O.7S Phi 


chamber to 


cross section was equal 
ur resistance of the chamber including the 


tertiary air flow was within 110 


300 man of the water column 


Ke. cal./m“/hrs. 


Coeft. of 


| | | 
adiabatic 


- hours 


Fig. 10—The dependence of the effective adiabatic temperature coefficient 
on excess air 
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Western Precipitation 


presents 

its latest development 

in a quarter-century of 
continuous advancement 


in Mechanical Collectors 


( 


Western Precipitation Corporation 
pioneered the high-efficiency multiple- 
tube principle that has proven so 
superior it is now the pattern for 

the industry. 


The Multiclone continues to be years 
ahead of all other centrifugal collectors 
because it incorporates the invaluable 
“know-how” gained through these 
many years of leadership in the field 
—leadership that is further emphasized 
by introduction of the 9VGR Multiclone, 
another important milestone 

in Multiclone’s quarter-century of 
outstanding performance. 


NEW 9VGR FEATURES... 


, + 
The proven superiority of 
CAST IRON TUBES and VANES! 


1. No need for continuous 
external support. 
others have 
teels and 
but noth 
proven as satisfactory in 
In 
the past quarter-century more 
than 270,000 Multiclone tube 
ervice with 


Through the vear 
tried special alloy 


Easier and less costly to 


insulate. 


Minimum dust stratification. called miracle” metals, 
ings ha 
Improved dust distribution to 


all a. 


actual field service as cast iron 


Simpler installation, lowes 


erection costs. have been placed in 


than 1.85°, replacement —a 


less 


Freedom from leakage at all 
performance ve cord wre qualtle din 


critical points so that full 
the 


collection efficiency is obtained, industry 


There are many other advantages bialt into the 9VGR. There 
isa Multiclone representative near you who will be glad to 
supply complete details. Or write direcet, asking for your 
free copy of Bidlletin = M209 which contains full details 


WESTERN 


CORPORATION 


OS ANGELES 54 + NEW YORK 17 + CHICAGO 2? + PITTSBURGH ATLANTA 5 + SAN FRAN( 


Representatives in all principal cities 


Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 
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REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N.Y. 


Fluid 


and one 


chapter ippear i chapter on 
Plow im the Con 
on Graphical and Numerical Methods 
pave $4.79 for Heat 
rddition the 


new section on Design of 


Introduction to Heat Transfer 
By Aubrey |. Brown and Salvatore M. Marco pee 


Conduction Problems In 
included a 

Electrical 
new material on Fun 


combat difficulties 


authors have 
Tha olume is the third edition of a 


well wecepted texthool treatment ol 


Pransformers plu 
Heat transier Init the coverage of the 
held ha 


ternal up to cate ind et the 


damental Units to 


been enlarged to bring the ma 
tudent from confusion of 


ind mass unit 


CX PCTience 


uther 
lores 


objective of a presentation understand 
thle to third and fourth vear engineerimys 


tudents has been achieved 


Introduction to Nuclear Engineering 
ol heat transter are u 


meed and where possible By Richard Stephenson 


upportiny 
ipplications have been deserbed to yive 


Wledve of the 


191 pave 50) 
the student a working kre 


principles in a variety of engineerin Specitically designed tor a one vear 


! 
emor of 


problem nuclear 


technique, the yraduate course 1 


ood foundation tor engineering this text could serve equally 


the reader may elect to tollow 


ny advanced or more spec well as a reference book for practicing en 


vinee! It ais a completely revised ver 


mibels and notations have been re one! an ecarher edition of this same tith 


with the general adop ind was so revised to include informa 


tundard Iwo new thon released at the Geneva Conterence 


! ed il heepin 


Amerecan 


OR TAR 


Steam Or 
Mechanical Atomizing 
1 TO 1000 GALLONS 


PER HOUR 
Designed for operation with either gas various types of standard pulverized- 
oil or both with natural or forced drate coal and gas-burner units cold starung 


They can be depended on for maximum — or for full load Operation when coal or 


combustion ethcency gas is not available, or when oil is the 
ENCO Interchangeable Oil-Burners can Ore economical fuel, 

to operate by Send for Bulletin OB-53 describing 
ENCO Gas and O:1! Burners, also com- 


plete Pumping and Heating Units. 


be change d instantly 


either steam or mechanical pressure 
atomizing Over a wide Capacily range 


ENCO Oil Atomizers are applied to 
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nuclear 


Those topics unique to the 
field have been given preference in em 
phasis over those topics akin to stand 
ard engineering practice \s a result 
the engineer with a good foundation in 
the standard curriculum can gain a basic 
understanding of the problems peculiar 
to the nuclear field and at the same time 
obtain an introduction which will permit 
later specialization 

Phe teaching aids, problems and exer 
cises the author tested out im his first 
edition appear here but are altered to 
long the experience of the first 
Phe general interest areas of nu 


pass 
book 
clear fission, the nuclear chain reactor, 
reaction theors radiation shielding, re 
actor materials, reactor control, separa 
tion of stable isotopes, chemical process 
ing of radioactive materials and remote 


handling are covered 


High Temperature Water Systems 
By Owen S. Lieberg 


pages, $6.90 


The author, a leading consultant im 
this held, responsible for design of some 


United State Canada and 


of the larye tems now operat 


ine im the 


Great Britain, has worked inte this book 
much ortainal design data used sucee 
fully in actual tem Dables, graph 


SOLUTION OF HYDRAZINE 


e Oxygen- 
e Scavenger 

e for 

e Boiler Water 


e Treatment 


CHEMICAL CO... INC. 
136 Liberty St., New York 6, N.Y. 


Midwestern Representative: 
J. H. DeLamar & Son, Inc. 
4529 No. Kedzie Avenue 
Chicago 25, Hil. 


Ask for pamphlet BW 
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photographs and = specifications serve 
as a working guide 

Particularly stressed are points which 
are critical in HTW design: theory and 
practice of pressurization; selection of 
pumps, boilers and valves; piping and 
controls. An entire boiler and auxiliary 
specification for HT W is included in the 
Appendix. Two chapters are devoted 
to space and process heating, with appli 
cations of HT W-fed unit heaters, central 
fan systems, water-to-water heat ex 
changers and convertors for space heat 
ing, domestic hot-water and low-pres 
sure process steam \n extensive dis 
cussion of specific military and naval in 
stallations, 1s given 


Fine Particle Measurement 
By Clyde Orr, Jr. and J. M. Dalla Valle 


33 paw > 8/090 


The entire tield of fine ke ippli 
cation, research, test and measurement 
has grown so rapidly since one of the 
thove author M. Dalla Vall pre 
sented his earlier work on JA/icromeritics 
that the single ector ol tine parts ke 
mecusurement merit i relerence text to 
expedite turther advances Hlere, tor 
the first time in a single volume, 1s a de 
tatled discussion of the important tech 


niques current] 


used in the research lab 
oratories for the measurement of particle 
S174 urface and pore volume Some 
thing like seventy technique ire. 
Of equal value ts an up-to-date 
Inbhowraph HM relerence 
held to be 
chemical, engineering and phlvsies treld 


f ammediate aid to those im 


The Metallurgical, Chemical and 
Other Process Uses of Coal 


By R. A. Glenn and H. J. Rose 
Hd \ ¢ ? 


The ersauihit present mportance 
and tuture potential W coal as an in 
dustrial raw material make up the sub 
ject matter of this book All the pro 
esses covered are ones now im commer 
cial use or at the demonstration plant 
Stic None of those now under stud 


in research laborators ire imeluded 
Further, the bituminous coal and its 


products coke nad nthesis vas with 
ome minor coal products represent the 
area of the book interest Coal car 
bomization and ats products, coal tar, 
light oi and ammonia, are not included 
Phe imtormation offered consists in the 
main of nine large tables which show for 
cach procs the tvpreal vields or unit 
requirements of fuel and power 


the 1 pou il end product ind their uses 
the 
nage requirements of coal and coke with 


present and estimated future ton 


ql imi rmiation cited 


WHIRLEX 
Shop Assembled 


DUST 


COLLECTORS 


... Cut Erection Costs 
to a Minimum 


This highly efficient Whirlex 
collector is completely shop 
assembled and need only be 
bolted in place at the erection 
site. Rigid shop inspection as- 
sures a “gas-tight” installation 
thus eliminating the opportun- 
ity of error at the job site. 


A Whirlex Shop-Assembled Dust 

Collector may he the answer 

to your problem. Write for more 
complete information. 


Fly Ash Arrestor 
CORPORATION 


205 North Ist. Street © Birmingham, Ala. 


Dust Collectors . Induced Droft Fans 
Forced Draft Fans Exhaust Fans 
Self Supporting Stacks ° Duct Work 


Whirlex Dust Collector completely 
fabricated and ready for shipment 


Whirlex FD and ID fans are designed 
for heavy, rugged duty 


EX 
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STAINLESS STEEL 
AUTOCLAVE 


and VOLUTE 
Shop Fabricated 


This autoclave and volute assembly is typical of the work that goes 
through Pittsburgh Piping shops. Fabricated of Type 304 Stainless 
Steel, it is complex in design and is built for high pressure, high 
temperature service. This type of fabricat- 

ing is a “natural” for Pittsburgh Piping. 

We pioneered the application of austenitic 

steel piping materials for central stations 

operating at 1050°F. and above, 

and fabricated the piping for the 

world’s first atomic-powered 

submarine and central station. 

Highly specialized methods, ma- 

chines, and apparatus have been 

developed and are employed in 

this work. Use them on your 

high temperature, high pressure 


piping jobs. 


Promoting Progress IN POWER AND PROCESS PIPING 


AND EQUIPMENT COMPANY 


158 49th Street — Pittsburgh, Pa. 


Canada: CANADIAN PITTSBURGH PIPING, LTD., 68 YONGE STREET, TORONTO, ONTARIO 


Atlanta Whitehead Building Cleveland Public Square Building 
Chicago Peoples Gas Building New Orleans P.O. Box 74 
New York Woolworth Building 
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HAS WHAT 
IT TAKES 


EASTERN GAS AND FUEL ASSOCIATES 
PITTSBURGH BOSTON CLEVELAND: DETROIT + NEW YORK 
NORFOLK PHILADELPHIA+ SYRACUSE 


For New England: New England Coal & Coke Co. 
For Export: Castner, Curran & Bullitt, Inc. 


Biv. 
— | PREPARATION 
TO BRING YOU THE COAL YOU WANT...WHEN AND AS YOU WANT IT! ie 
= = 


is a Pfaudler Permutit program providing 


the know-how 
the equipment 
and the experience 


for solving problems involving fluids. 


Patented Permutit internal Direct 
Centact Vent Condenser 


ie 


Overfiow 
FLUIDICS AT WORK 
New deaerators guarantee 
less than 0.005 mi/I oxygen 
at all loads 


This is the new Permutit Type B 
Deaerator. Both horizontal and ver- 
tical designs hold oxygen to 0.005 


ml/l at all loads up to a peak of 


150,000 Ibs hr. 

No trays to be removed or cleaned. 
Tubeless internal vent condenser 
eliminates tube cleaning, also. 

30,000, 50,000, and 70,000-lbs hr 
horizontal units are available from 
stock. They come as packaged units 
with ail internals, including sprays, 
completely assembled. Pre-fiited 
float-cage and gauge-glass piping 
further simplify installation. 


PFAUDLER 
PERMUTIT 
INC. 


Permutit cone spray design 


Permutit steam scrub 


> 
= DOeaerated 


Water 


Capacities from 150,000 to as 
much as 3,000,000 lbs/hr are avail- 
able in Permutit Type A Deaerators. 

For more information, write to our 
Permutit Division, Dept. (0-19, 50 
West 44th St., New York 36, N.Y. 
Fluidics covers such varied phases of 
fluid handling and control as: 
corrosioneering 
water treatment 
waste treatment 
reactions 
ion exchange 
gas analysis 
agitation 


drying 

blending 
metering 
valving 

piping 

pumping 
storing 
Whenever you have a fluid-handling 
problem, look to this Pfaudler Per- 


mutit FLUIDICS program for the 
best solution. 


Specialists in FLUIDICS... the science of fluid processes 
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hard. As a 
SEPER 


too 


mortar, 


TILEPY 


standardized on Super 


SOUTHERN 


mortar is required, 


tangential tubes: 


colle tors. 


veneral 


3000 


Dowt putup with other mortars which may fail if* 


Purpose 


INSURANCE 


STANDARDIZE ON SUPER #3000 


“pushed” 


bonding and patching 


3000 is your best insurance buy! 


Reports that all of its plants have 


use 


Applications inelude: 


repair of eroded refractory surfaces: 


it wherever 


a refractory 
repair of ballles: 


dust 


Com- 


Manufacturing 


Seeder’ Tube Co., The and 
Michigan Steel Tube Prod- 
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DAMPNEY COATINGS 
LIVE WITH IT! 


True measure of a high-heat coating’s worth is continuous 


operation at rated temperature. Yet many so-called “heat- 


resistant” coatings take only occasional peaks — fail rapidly 


in ‘round-the-clock service. 


Dampney coatings are rated always for day in, day out opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 


protection with plenty in reserve. 


Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 


ment. Thus they establish a lasting foundation easily maintained 


and permanently ending time-consuming and costly surface 


4 


preparation, 


Repeat orders from a typical customer, 26 in 12 months for 


enough material to protect 1,929,000 square feet of steel — is 


the best evidence we have that when industry wants honest 


high-temperature coatings, it remembers Dampney silicones and 
ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000 F., to atmospheric corrosion, and to weather 


exposure — for these industrial hot spots . . . 


stacks and breechings e@_ turbine interiors 
steam lines precipitators 
kilns @ coke ovens 
forced and induced draft fans e@ _ incinerators 
heat-treating furnaces  pulverizers 
autoclaves and retorts @ blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 
NUMBER | for boiler interiors. For all hot metal, wet or dry, 
the best protection available is made and marketed by 


> 
© 


& 


AMPNEY 


c M P AWN 


MAINTENANCE 
FOR METAL 


HYDE PARK, BOSTON 36, MASSACHUSETTS 


Coatings for all temperatures to high heat — 
all corrosive environments. 
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The Bayer Balanced Valyed Soot Blower 
is a single-chain operated design that) as- 
sures precise sequential operation of the 
valve and clement. Only after the start 
of full steam flow does clement rotation 
commence — a feature whieh provides posi- 
tive and efficient cleaning over the entire 
are. . Without wasting steam. 

The Bayer Soot) Blower simply op- 
erated by a pullon the chain whieh opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning are. at 
Which the valve automatically closes. 


the end of 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


* 100% cleaning efficiency 
° minimum steam consumption 


© superior high temperature 
resistance 


kor severe high locations, 
“super service elements of Bayer-devel 
oped “Chronilloy are available. OF su 
perior strength, wrap-resistance, and sta 
bility, these elements resist the oxidation 
and chemical action caused by very high 
lemperature gases. 

lnoover fifty years of Continuous special 
ized service. the Bayer company 
equipped more than 35.000) boilers with 
engineered for 
Bayer 


dependable soot blowers. 
long and low maintenanee, 
products assure economical and trouble 
free operation, 


individual elements aadpustable 


operation 

for pressure 
ervice by ovtttes plate 

full Stes pure 

selected 


entire ove 


ear ratios for optimum rate of element 


ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


pressure drop throogh vabye bods 


@ nachined air seal with spring loaded seat 
complete 


precision 


breaker protection 


wivel tube lessen 


prine hing need 


load carried on ring type theoast beanie 


For further information contact the Bayer representative mearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 


Boston Los 


Seatthe 


New York Cleveland 
Philadelphia Detroit 


Salt Lake Cit ¢ 


Charlotte 


Chicage Pittsburgh St. Paul Denver City bul 
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75,000 square foot Mary- 
land surface condenser 
being tubed at West Penn 
Power Company's new 
Armstrong Station Unit 
Number 2, at Reesedale, 
Pennsylvania. 


West Penn Power Company selects Alcoa aluminum tubes for 
new surface condenser designed and built by MARYLAND 


Aluminum was chosen for the tubes of this new 75,000 
square foot condenser after four-year exposure tests by 
Alcoa showed its suitability for handling the Allegheny 
River water at the point of the new station. The instal- 
lation follows a two-year joint development project 
between West Penn Power and Alcoa. Aluminum was 
specified by the utility in order to effect substantial 
SaVINES 

Maryland designed and fabricated the steel tube 
sheets into which the aluminum tubes were rolled. 
Maryland also constructed, pre-fit and pre-assembled 
the complete condenser unit in 5 separate sections to 
assure accurate and low cost field assembly. 


Industrial Products Division 


This condenser is designed to condense 812,819 pounds 
of steam per hour exhausted from a 156,250 KW West- 
inghouse turbo-generator. Its full deaerating hotwell 
will produce condensate with no more than .01 cc of 
oxygen per liter. 


WRITE FOR NEW BROCHURE 


Complete Engineering, specifica- 
tion and fabrication data on 
Maryland Surface Condensers. 
It’s yours without cost orobligation. 


Marviand Shipbuilding & Drydock Company 
Baltimore 3, Maryland + Representatives in Principal Cities 
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REP EAT ORDERS . » » The Best Recommendation 


es 


Model MP-3000 shown is for both new — 
and old boilers having pressures to 3000 
psig. Also available in Model MP-900 


' for boiler pressures to 900 psig. 


Undoubtedly the best recommendation for the Diamond 
Multi-Port” Gauge is the public utilities that use it and have 
placed repeat orders to equip additional boilers. A few [FJ 
of these are mentioned here with a note of the number of 
plants equipped. For the many advantages of the "Multi- 
Port’, ask your local Diamond office or write directly to 
Lancaster for Bulletin 1174 (Model MP-3000) or Bulletin 
2044 (Model MP-900). 


PAE 
i 
\ ELECT | 
ky 
| ge y 
c 4 oO» 
be 
D 
UBS 


NEW IDEAS IN CHEMICAL CLEANING ' Ss 


| 


You may never have occasion to place “white glove”’ 
requirements to the cleanness of your process equip- 
ment, steam generators, tanks and piping. But, if you 
do need this high degree of cleanness, Dowell can now 
offer it —as an additional service —in the chemical 
cleaning of your plant equipment. 

Dowell developed these new standards in cleaning 
the piping networks of the missile launching facilities 
at Cape Canaveral. Combining the research and engi- 
neering facilities of the entire company, Dowell per- 
fected new techniques, materials and equipment to 
meet the necessary rigid specifications. 

This new service is now adaptable for use in all 
types of American industry. For example, Dowell re- 
cently performed an intricate cleaning job on a 3! >- 
mile-long buried pipeline. The customer wanted to 
convert the six-inch line from hydrocarbon gas to 
carry oxygen. For this pure product the line had to 
be immaculate—free of all foreign materials. The 


plant was faced with the alternate of laying new 
pipe—a six week job at a cost of $150,000. 

Using their new standard of cleanness, Dowell 
cleaned the line of hydrocarbon residues, carbon black, 
grease, mill scale, and rust. Meanwhile, plant crews 
made mechanical alterations to the line at a cost of 
about $25,000. Dowell’s charge was $20,000; the job 
was done in 3! days. 

The job was satisfactory in every way. Inspection 
showed the line was free of all foreign matter. The 
customer credited Dowell with saving them about 
$100,000. Also the plant made additional profits be- 
cause the line was put back into use so quickly. 

Ask your Dowell representative about these new 
standards of cleanness and their possible application 
to your problems. This exclusive Dowell service may 
save you important money. Dowell, the pioneer of 
chemical cleaning, has 165 offices to serve every major 
industrial center. Dowell, Tulsa 1, Oklahoma. 


Chemical clearing service for all industry 
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